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Chapter 1 
INTRODUCTION
As the population of this country increases, land 
use becomes more intensive* With this increased demand on 
our land resource comes the need for a greater under­
standing of the ecological implications of man’s actions 
on the land and its flora and fauna* Such knowledge is a 
prerequisite for making successful management decisions 
aimed at obtaining optimum returns from the resource.
Extensive areas in western Montana have been 
clearcut, temporarily opening up vast acreages that were 
formerly covered by a generally dense forest canopy.
Within the spruce-fir forest these clearcuts are the only 
areas suitable for domestic livestock use. Also, with the 
control of wildfires wildlife managers are looking to the 
disclimax vegetation types created by clearcutting as 
major forage-producing areas for deer and elk.
Lewis (1967) conducted studies of clearcuts in the 
spruce-fir zone of western Montana which indicated they 
were high in productivity. Other studies have been con­
ducted on the effects of logging on vegetation and soils 
and on succession on cutover areas. Most of these studies 
have been conducted in Washington and Oregon on broadcast
1
2
burned clearcuts in the Douglas-fir zone. However, no 
work has been done on the rate and trends of vegetative 
succession on scarified, piled, and burned clearcuts in the 
montane fir (spruce-fir) zone. Several range and wildlife 
workers have commented on the need for additional research 
on plant succession on clearcuts (Mueggler, 1962; Lyon, 
1966b; Pengelly, 1 966 ; Eddleman. and McLean, 1 968 ).
Objectives of this study were to record the change 
in the forest understory vegetation after logging; and 
the rate and trends of vegetal development on scarified, 
piled, and burned clearcuts in the spruce-fir zone.
Chapt e r 2 
REVIEW CP LITERATURE
Many studies have been carried out on areas which 
have been clearcut. Most of these have been concerned with 
the effects of physical disturbance or burning on the 
vegetation or soils, plant succession, and regeneration of 
commercial timber species. A few studies have been done 
on herbage production and the use of clearcuts by big game 
animals.
Many factors influence the rate and trends of 
vegetative succession on cutover areas. Initially, the 
most important factors affecting the rate of development 
are severity of mechanical or burning disturbance on the 
site. Trends of succession appear to be most influenced 
by plant species present on the site. Other less impor­
tant factors are the site and soil characteristics, 
weather variation, and silvical characteristics of the 
tree species. Some factors affecting the rate and trends 
of vegetal succession on clearcuts are unknown.
Initial Effects of Clearcut 
disturbance on 
Vegeiaxion and Soils
Vegetation. Studies on the degree of soil mantle
4
disturbance by tractor logging indicate that approximately 
20 to 30 percent of the understory vegetation is destroyed. 
Powells and Schubert (1951) noted that bare ground com­
prised 22 percent of the surface area immediately after 
logging in ponderosa pine-white fir stands in California. 
The results of similar studies in ponderosa pine forests 
in eastern Oregon and Washington indicated that tractor 
logging denuded 20.9 percent of the surface area, of which 
15 percent was considered deep soil disturbance (Garrison 
and Rummell, 1951). Investigations of logging disturbance 
by Wooldridge (I960) in the Cascade Range in Washington 
indicated that tractors bared 22.2 percent of the area. 
Dyrness (1965a) reported that tractor logging disturbed 
35*3 percent of the soil surface on clearcuts in the 
Oregon Cascades. He noted that 26.4 percent of the area 
was slightly disturbed, while 8.9 percent was deeply 
disturbed.
According to Garrison and Rummell (1951), steep 
terrain increased the amount of deep soil disturbance 
caused by tractor logging. Areas with 40 percent slopes 
or greater averaged 2.8 times more deep soil disturbance 
than slopes of less than 40 percent.
Another source of disturbance of understory vege­
tation is logging slash. Various studies designed to 
measure coverage of post-logging areas by heavy slash 
found 22 percent (Powells and Schubert, 1951); 5.1 percent
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(Garrison and Runune 11, 1951); and 31 ,7 percent (Dyrness , 
1965a)* In studies of the effect of heavy selection 
logging on herbaceous vegetation in a ponderosa pine 
forest in northern Arizona, Arnold (1953) noted that 
herbaceous vegetation was smothered out by heavy slasho 
In fact, Dyrness (1965b) found that herbaceous vegetation 
decreased from 4*0 to 0.1 percent coverage under heavy 
slash and logs following logging in the Oregon Cascades.
Different classes of vegetation are not equally 
affected by logging disturbance. . Ir; a study on the 
first-year effects of logging disturbance in eastern 
Oregon and Washington, Garrison and Rummell (1951) found 
that grasses and grasslike plants were most susceptible 
to logging damage followed by weeds and shrubs respec­
tively. They indicated that the root system of the major 
plant species and weather during the first growing season 
following logging were important factors in differences 
in density of classes of vegetation. Average decrease in 
density of all herbaceous and shrubby species was 47 per­
cent. Reynolds (1962) found that selection logging in a 
ponderosa pine forest in Arizona initiated an increase in 
forbs and aspen sprouts, and caused a decrease in sedges 
and perennial grasses the first year after logging. He 
noted that this was possibly caused by a differential 
response by these classes of vegetation to mechanical 
disturbance. On unscarified cutover coniferous forests in
6
western Alberta, Stelfox (1962) found that shrubs de­
creased more than grasses and grasslike plants, while forbs 
increased slightly the first growing season following 
logging» Dyrness (1965b), however, in studying the effect 
of logging disturbance found that herbaceous species 
(grasses and forbs) decreased more than shrubby species 
after logging, and that low shrubs withstood logging 
better than tall shrubs. He noted that few invading 
species were present in the first postlogging sampling, 
and concluded that almost all vegetation encountered was 
a remnant from the original stand»
Soilo Other effects of logging disturbance on 
soils, in addition to or connected with removal or dis­
turbance of the soil mantle, have been studied. Dyrness 
(1965a) found that 26.8 percent of an area logged by 
tractor was compacted» He noted a subseq_uent decrease in 
porosity of the surface soil, and stated that damaging 
runoff and erosion could be minimized if slopes do not 
exceed 20 to 30 percent and skid roads are located on a 
contour» In an earlier study on the effects of logging 
and slash burning in the Corvallis watershed, Dyrness and 
Youngberg (1959) indicated that physical properties of 
soil on disturbed—unburned portions of the clearcuts were 
similar to those under adjacent timbered areas. However, 
in a similar study in southwestern Washington, it was
7
found that soils of nine tractor-logged cutover areas had 
a 35 percent loss in permeability rate, a 2.4 percent 
increase in bulk density, and a 10 percent decrease in 
macroscopic pore space when compared to adjacent uncut 
timber stands (Steinbrenner and Gessel, 1955)* It was 
further noted that tractor skid roads covered 26 percent 
of the logged area. On this portion of the cutover area 
permeability loss was 93 percent, bulk density increased 
15 percent, and there was a 0.53 percent loss in macro­
scopic pore space. Tackle (1962) studied infiltration on 
a western larch-Douglas-fir stand following cutting in 
western Montana. He found the infiltration capacity of 
soils on skid roads and scarified areas to be 4.1 and 
15.4 percent, respectively, of the capacity of undisturbed 
soil. He also noted that the infiltration capacity of 
scarified areas improved rather rapidly, while the skid 
roads showed virtually no improvement. Using artificially 
applied high-intensity rainfall on soils derived from the 
granitic Idaho batholith, Bethlahmy (196?) found that 
runoff and erosion are greater on southwest than on north­
east exposures. Even after careful logging, erosion 
increased on southwest-facing slopes.
Soil temperature and moisture are also affected by 
logging disturbance. Though not confined to disturbed 
clearcut areas, very high soil surface temperatures have 
been recorded on cutover areas during summer months
8
(Isaac, 1943; Hallin, 1968). Slope, exposure, and soil 
color are important factors in determining surface soil 
temperatures (Isaac, 1943)* Hermann (1963) found that, 
although soil surface temperatures might be higher on 
organic than on mineral seedbeds, subsurface temperatures 
(one inch deep) were highest under mineral seedbeds. A 
study comparing soil moisture trends in cutover and 
adjacent old-growth Douglas-fir stands was carried out by 
Hallin (1967) in southwest Oregon. He found that soil 
moisture on cutover areas was similar to that for timbered 
areas at 6-, 18-, and 36-inch soil depths for three years. 
He concluded that moisture drain on cutover areas was 
nearly equal to moisture drain in timber stands, though 
there was less vegetation on the cutover area. A similar 
study by Orr (1968) on ponderosa pine clearcuts in the 
Black Hills indicated that clearcutting did apparently 
induce free water seepage. This seepage decreased with 
establishment of vegetation on the area, but remained 
higher than on unlogged portions.
Effects of Slash Burning 
on Vegetation and Soil 
Changes Caused by Burning
Vegetation. Following removal of marketable 
timber, slash (debris left after logging) is usually piled 
and burned when the cutover area is on a gentle slope. On 
steeper slopes, clearcuts are broadcast burned. Both
9
methods serve to reduce the fire hazard created "by debris 
left after logging, and to prepare a mineral seedbed for 
seeding or natural regeneration (Isaac, 1963; DeSilvia,
1965 ; and Beaufait, 1966)•
A review of the literature on the effects of fire 
reveals many apparent contradictions. Pengelly (1966) 
noted this and concluded that fire is a rough and largely 
unpredictable tool because of the following variables; 
time and intensity of burning, homogeneity of the burn, 
kind and availability of fuel and seed source, and growing 
conditions during the first season after the fire. Lyon 
(1966a) observed that fires produce different results under 
different ecological situations. He compared the vegetal 
response after a prescribed burn in Idaho with that after 
the Sleeping Child wildfire in Montana. In Idaho, the 
live ground cover was approximately 70 percent two years 
after burning compared to about 35 percent preceding the 
fire. Here wildlife habitat was improved, timber manage­
ment objectives were met, and the watershed was not harmed. 
However, on the Sleeping Child burn live ground cover was 
only 36 percent four years after the burn, including seeded 
domestic grasses, compared to over 60 percent before the 
burn. Here, no wildlife values were produced, while losses 
occurred from timber destruction and watershed damage. 
Variation in vegetation following slash fires was studied 
by Steen (1965) in Oregon using photographic sequences.
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In this study one plot slowly developed an herbaceous layer 
by the fourth year after burning, and by the thirteenth 
growing season was well stocked with conifers. The other 
plot rapidly developed an herbaceous layer, was invaded by 
brush the fourth year, and was covered by heavy brush by 
the thirteenth year*
Dyrness (196^b) noted the differential effects of 
severity of the burn on vegetation. The first year after 
burning he found an average of 6.8 percent total vegetal 
coverage on lightly burned plots, and only 1-1 percent 
cover on severely burned plots. Total plant cover 
averaged 41 <>7 percent on undisturbed plots-
Several researchers have found forbs or herbaceous 
species to be favored over other classes of vegetation by 
slash burning (Reid et al-, 1938; Morris, 1958; Yerkes, 
I960; Dyrness, 1965b; Lewis, 196?; Vogl and Ryder, 1969)= 
Vogl and Ryder (1969) noted that mosses and liverworts are 
also favored by fire- Many shrubs sprout vigorously from 
the root crown following burning (Lyon, 1966a), while 
others such as Ceanothus velutinus and Ceanothus sanguineus 
germinate more readily after burning provided the seed is 
present in the soil beforehand (Pengelly, 1966)-
In addition to differences between various classes 
of vegetation on burned areas, there are differences within 
classes of vegetation between burned and unburned sites- 
Lewis (1967) found grasses and grasslike plants to be much
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more abundant on unburned than on burned sites. Some 
workers have recorded a greater occurrence of herbaceous 
plants on burned than on unbumed portions of clearcuts 
(Lewis, 1967; Vogl and Ryder, 1969). Others (Morris,
1958; Steen, observed that herbaceous cover was
similar for both burned and unbumed areas, though they 
noted a difference in species composition. Researchers 
concur that shrubs are most abundant on unburned areas 
(Morris, 1958; Steen, 1966; Lewis, 1967; Vogl and Ryder,
1969). However, Steen (1966) noted that this difference 
was no longer significant by the seventh year after burning, 
Conifer reproduction was found to be greater on scarified 
areas than on burned areas (Steele and Pierce, 1968 ; Vogl 
and Ryder, 1969)* On unscarified areas, slash burning 
does not decisively reduce or increase numbers or post­
logging seedlings (Morris, 1958), or if seedlings are more 
abundant on unburned areas, the difference is insignificant 
after seven years (Steen, 1966).
Soil changes. Slash burning produces several 
chemical and physical changes in the soil. Studies by 
Austin and Baisinger (1955) indicate that measurable 
changes are confined to the top two inches of soil depth.
Several studies indicate that soil pH is increased 
from an acidic to a neutral or slightly alkaline condition 
following burning (Isaac and Hopkins, 1937; Tryon, 1948;
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Tarrant, 1954; Austin and Baisinger, 1955; Neal et al.,
1965; and Vogl and Ryder, 1969). Tarrant (1954) found 
that the pH later decreased significantly with time since 
burning, and that this change was related to severity of 
the burn. Charcoal was found to act as a mulching agent 
when added to soil (Tryon, 1948).
Assays of total nitrogen and mineral nutrients on 
slash burned logged areas indicated a decrease in the 
former and an increase in the latter immediately after 
burning (Isaac and Hopkins, 1937; and Austin and Baisinger, 
1955)* Further studies by Austin and Baisinger (1955) two 
years after the burn found that total nitrogen had re­
covered to about 75 percent of that on the unburned con­
trol area. Amounts of the available nutrient elements 
potassium, phosphorus, and magnesium had returned to about 
normal, while calcium was still more than three times 
greater than the unbumed control value. A similar result 
for total nitrogen content was reported by Neal et al. 
(1965) during a one-year period following burning.
Slash burning has been observed to alter soil 
structure (Isaac and Hopkins, 1937; Davis, 1959; and Vogl 
and Ryder, 1969). Vogl and Ryder (1969) found that large 
amounts of sodium salts tend to disperse soil aggregates, 
creating hardpans impermeable to air and water. They also 
noted changes in color and subsurface texture, and indi­
cated that the physical changes resulted from high
13
temperatures and additions of ash and charcoal.
Soil moisture relations are also affected by slash 
burning. Studies by Vogl and Ryder (1969) and Tackle 
(1962) indicate that the water infiltration rate is much 
slower on burned than on unbumed areas. Tackle (1962) 
noted that a broadcast burned surface improved in water 
intake capacity fairly rapidly. The piled and burned areas 
studied by Vogl and Ryder (1969) showed no rapid improve­
ment. Tarrant (1956) studied percolation rate, size of 
pore spaces, and bulk density as affected by slash burning. 
He found that severe burning seriously lowered the rate of 
moisture movement, while light burning had very little 
effect. He concluded that, since severely burned areas 
made up only 5 percent of the area, the overall influence 
of slash burning on moisture properties of the soils 
studied was of minor consequence. A similar study by 
Dyrness et al. (1959) produced much the same results.
Investigations by Isaac and Hopkins (1937), Austin 
and Baisinger (1955), and Neal et al. (1965) indicated that 
burning reduces the moisture-holding capacity of forest 
soils. Conversely, Vogl and Ryder (1969) found that 
burned soils had a higher water-holding capacity than 
unbumed soils. Tryon (1948) noted that the addition of 
charcoal to clay soils decreased the moisture available to 
plants, increased it in sand, and had no effect in loam.
He also found that charcoal reduced the rate of evaporation
u
from soils.
Burning produces a blackened surface which in­
creases the heat-absorptive capacity of the soil surface 
(Isaac and Hopkins, 1937). This results in higher soil 
surface temperatures on burned areas than on unbumed 
areas (Neal et al., 1965).
Numbers of soil bacteria increase after slash 
burning, while numbers of soil fungi decrease (Wright and 
Tarrant, 1957; Neal et al., 1965).
Plant Succession on 
Cutover Areas '
As noted previously, logging and slash burning 
destroy varying amounts of vegetation on cutover areas, 
depending on the severity of disturbance. Isaac (1943) 
noted that plants which survive the clearcutting process, 
along with invading shrubs and herbaceous plants, begin to 
revegetate the area following disturbance. He indicated 
that although certain trends of succession appear to be 
followed, no definite laws of rate of development or 
species composition are involved. However, site quality, 
intensity of slash fire, repeated burns, species present, 
and annual weather variation were listed as factors influ­
encing rate of development of vegetation on logged areas.
Following logging, the amount of disturbance may 
vary from none to severe across the clearcut area. Dyrness 
(1965b) recognized this while studying the effect of logging
15
and slash burning on understory vegetation in the Western 
Cascades, and devised various soil surface disturbance and 
slash burning classes to account for these differences.
He noted that disturbance history is at least as important 
as species composition of the undisturbed understory 
vegetation in its effect on plant distribution on cutover 
areas. Furthermore, he stated that as succession pro­
gresses, effects of disturbance will decrease and other 
factors, such as soil characteristics and aspect, will be­
come increasingly important in controlling plant cover and 
composition. In studies on serai shrub communities in 
Idaho, Mueggler (1965) also noted the importance of type 
of past disturbance on the distribution of 24 shrubs and 
69 herbs. Other significant factors in the distribution 
of these shrubs and herbs were exposure, tree canopy, years 
since disturbance, latitude, and soil potassium level.
Several studies have been conducted concerning the 
vegetative characteristics of clearcuts of various ages. 
However, few long-range investigations of plant succession 
on cutover areas have been carried out.
Early effects of logging and slash burning on 
understory vegetation were studied by Dyrness (1965b) in 
the Western Cascades. A marked recovery of low shrubs and 
herbs such as Pinnaea borealis, Rubus ursinus, Epilobium 
spp., and Senecio sylvaticus was noted during the first 
growing season after slash burning.
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Garrison and Ritmmell (1951) observed the effects 
of logging disturbance alone on the early recovery of 
understory vegetation in eastern Oregon. They noted that 
perennials from the prelogging understory that were capable 
of vegetative reproduction and annuals were likely to be 
the dominant plants during early recovery. This study was 
continued by Garrison (19^0), and expanded to include 
clearcuts in the pine-bunchgrass type (Pinus ponderosa- 
Agropyron inerme-A. spicatum) in eastern Washington. The 
Oregon study sites were in the pine-pinegrass-elk sedge 
jby^ X,Pinus ponderosa-Calamagrostis rubescens-Carex geyeri ). 
In eastern Oregon, plant cover increased between the first 
and second years after logging. Forbs such as Achillea 
millefolium, Lupinus spp., and Fragaria spp. were con­
spicuous, and together exceeded their original understory 
cover. In the ^ur^_^rowing^_se^on- after logging, these 
fo^speached jtheir maxiim^_^(^^^ and continued to
be disproportionately represented, compared to their pre­
logging status, by the seventh year. Grasses and grass- 
like plants, principally Calamagrostis rubescens and Carex 
geyeri, and shrubs increased less rapidly than the forbs, 
but by the seventh year they had approached their original 
amounts. Total understory cover was 11 percent greater 
than before logging. However, it was noted that transect 
averages masked the fact that severely disturbed areas, 
such as skid trails, were arrested in vegetal development
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at a stage about equal to that existing two years after 
logging- In eastern Washington some of the sample plots 
were burned, so recovery was slower than that on the 
Oregon clearcuts- Forbs increased rapidly after burning 
through the fourth year following logging, then decreased 
by about one-half by the seventh year- Grasses increased 
through the seventh year after logging, partly because of 
an invasion by Bromus tectorum- However, they were still 
24 percent below the coverage of grasses present before 
logging. Shrubs increased steadily, and were slightly 
more abundant by the seventh year after logging than they 
were before logging- The total vegetal cover was 16 per­
cent less than prelogging cover-
A m o l d  (1953)» reporting on vegetal recovery during 
the first five years after heavy selection logging in an 
Arizona ponderosa pine forest, found that herbaceous plant 
cover increased very little (0-07 percent)- He noted that 
the effect of canopy release was more than canceled by 
surface disturbances and from heavy slash accumulations on 
perennial bunchgrasses-
Stelfox (1962) collected data on plant succession 
while studying the effects of clearcutting a white spruce 
forest on big game in western Alberta- All classes of 
vegetation increased on both scarified and unscarified 
areas on clearcuts from one to five years old. No slash 
burning was carried out- Grasses and grasslike plants were
18
dominant, increasing from the first year to the fifth from 
18*2 percent cover to 50.9 percent on the unscarified areas 
and from 9.6 percent to 49.3 percent on the scarified areas. 
The grass coverage under the mature forest was 28.5 percent. 
Shrubs (browse) increased from 4.9 percent cover to 13.7 
percent on the unscarified areas, and from 2.1 percent to 
7.8 percent on scarified areas. Shrub growth in the uncut 
understory measured 17-3 percent cover. Forbs increased 
from 1.8 percent cover to 6.1 percent on unscarified areas, 
and from 0.6 percent to 4.5 percent on scarified areas. 
Understory forb cover was 1.6 percent. The number of 
species increased on both the scarified and unscarified 
areas, reached a peak during the third year following log­
ging (52 and 56 respectively), and then decreased. A simi­
lar increase in plant species was noted by Yerkes (I960) 
while conducting a five-year study concerning early succes­
sion on clearcut and burned areas in the Oregon Cascades. 
Here, however, the peak in species numbers occurred in the 
fourth or fifth growing season. He also noted that woody 
survivors and invaders of logged areas increased slowly in 
frequency, while herbaceous survivors formed a relatively 
unimportant part of the vegetative cover. Annual herbaceous 
invaders exhibited a high frequency the first two years, 
then declined. Perennial herbaceous invaders exhibited a 
generally rapid frequency increase for four or five years, 
and increased more slowly thereafter. Although species
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varied substantially in frequency between burned and un- 
burned areas during the early years following logging and 
slash burning, after five years the two areas differed 
only slightly.
Studies comparing plant cover on burned and un- 
bumed portions of clearcuts through seven growing seasons 
after burning were carried out by Morris (1958) in western 
Washington and Oregon. Brush (shrub) cover was found to 
increase very little on either the burned or unbumed 
plots during the fourth to seventh seasons. However, 
shrub crowns covered a greater part of unbumed (about 
20 percent cover) than of burned ground (about 10 percent 
cover) for at least five to seven years following burning. 
Herbaceous cover increased from approximately 15 percent 
during the second growing season to about 30 percent by the 
fourth season and changed little thereafter. Herb foliage 
cover was about the same on burned and unbumed ground.
Isaac (1943) conducted an earlier study of succes­
sion on logged and b u m e d areas in western Washington and 
Oregon. He found that immediately following slash fires 
a pioneer community of mosses and liverworts developed.
This stage was not present on unbumed areas. Later a 
weed and brush stage developed, along with coniferous seed­
lings , with the herbaceous cover amounting to two and one- 
half times that of the brush cover during the first year. 
Then the herbaceous cover began to decrease and the shrub
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cover to increase until by the end of the eighth year they 
made up about equal parts of the total cover. This trend 
continued unless interrupted by fire or unless the shrubs 
and herbs were suppressed by the development of a new 
coniferous forest.
In this study, total canopy coverage usually 
reached its first peak about the third year, because of 
the rapid development of annuals and perennials that had 
wind-blown seed and thrived in the ash of slash fires. 
Later, these declined or disappeared and were gradually 
replaced by more lasting perennial herbs and woody shrubs. 
Though most common species came in on cutover land whether 
it was burned or not, burning influenced the rate of 
vegetal development and species distribution. Burning 
favored herbaceous species that had wind-blown seeds and 
retarded woody species.
In a study of plant succession on a cutover, 
burned, and grazed Douglas—fir area in the Cascades,
Reid et al. (1938) found that weeds, principally fireweed 
(Epilobium angustifolium), made up approximately 50 percent 
of the total plant cover from one to five years after 
burning. By 1935, weeds were a minor part of the vegeta­
tion, being replaced by bracken (Pteridium aquilinum) on 
double burn and delayed b u m  areas and by shrubs on a 
single b u m  area. The reduction of weeds occurred almost 
entirely within two years following the initiation of
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heavy grazing by sheep•
Reynolds (1962), in comparing vegetative response 
on logged and unlogged ponderosa pine areas in northern 
Arizona, found that perennial grasses and sedges were 
reduced the first year after logging while forbs and 
aspen sprouts increased slightly. Prom the second through 
the sixth year, all above vegetation classes increased 
annually. After the sixth year, all classes decreased in 
production except aspen sprouts, which were still increas­
ing 11 years following logging. He also noted that pro­
duction of understory vegetation on logged areas is higher 
than that on unlogged areas for at least 11 and possibly 
up to 15 years.
Variations in plant succession following slash 
fires in Oregon were pointed out by Steen (1965). He 
noted two similar clearcut areas, one of which progressed 
to a predominant cover of conifer saplings by the thir­
teenth year after slash burning, while the other area was 
covered with heavy brush.
Mueggler (1965), in studying serai shrub communi­
ties in northern Idaho, found that most shrubs reached 
maximum development at least 20 to 30 years following 
logging or broadcast burning. Most herbs were associated 
with relatively young serai stages, while only a few were 
associated with older serai stages. The amount of tree 
overstory was found to influence the amount and composition
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of understory shrubs, and the composition of the herba­
ceous layer. Shrubs such as Salix scouleriana, Ceanothus 
sanguineus, Ceanothus velutinus, and Prunus emarginata 
decreased_in importance as the tree canopy closed.
In studies of factors influencing the production 
of white-tailed deer in Idaho, Pengelly (1961) observed 
that shrubs reached their peak abundance 15 years after 
logging and declined thereafter. By extrapolation, he 
predicted a return to subclimax or climax conditions in 
60-80 years after logging, depending upon site quality and 
animal influences.
General Silvical Characteristics 
oi" Douglas r . EngeXmami Spruce 
and Subalpine Fir, and Western 
Larch in Clearcuts
Douglas fir (Pseudotsuga menziesii). Much of the 
work on silvical characteristics of Douglas-fir (Pseudo­
tsuga menziesii) has been carried out by Isaac (1937, 1943, 
1963) and by Isaac and Dimock (1958).
Isaac (1943) noted that Douglas-fir produces abun­
dant seed, with complete seed crop failures occurring only 
every fourth or fifth year. Most of the seed falls within 
a radius equal to the tree’s height, but 17 percent fell 
600 feet or more from its source. Much of the seed is 
destroyed.
Seedling establishment occurs on almost any seedbed
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which provides adequate moisture and proper temperature. 
However, they germinate and develop best on a mineral 
soil surface (Isaac and Dimock, 1958). The amount of 
D ou^lasjj^ijr regene rat i on is gre ater on scarified are as 
than on burned areas (Steele and Pierce, 1968; Vogl and 
Ryder, 1969). Light to medium broadcast slash burning on 
clearcuts is usually beneficial to seedling establishment 
while heavy or extremely hot fires are almost always 
damaging (Isaac, 1963)*
About three-fourths of the Douglas-fir seedlings 
die during the first year or two (Isaac and Dimock, 1958). 
This seedling mortality is mainly caused by heat injury 
to the stem (surface soil temperature over 125^P), drought, 
plant competition, frost, insects, disease, and rodents. 
Isaac (1943) noted that shrubs offer more serious competi­
tion to Douglas—fir seedlings than herbs.
During early growth new seedlings flourish under 
shade, but once established make their best growth under 
complete overhead sunlight (Isaac, 1943).
Roeser (1924) found that Douglas-fir seedling 
establishment, survival, and growth rate is greater under 
a shelterwood cutting system than with clearcut or selec­
tion systems.
Engelmann spruce (Picea engeImannii) and Subalpine 
fir (Abies lasiocarpa). Subalpine fir is a better seed
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producer than Engelmann spruce (LeBarron and Jemison,
1953)* It produces heavy crops regularly, but total seed 
failures sometimes occur. Though Engelmann spruce bears 
fewer seed crops than subalpine fir, it is a good producer. 
It bears a heavy seed crop every four to six years and 
light or moderate crops during most of the intervening 
years. Seeding should not be depended upon beyond 10 
chains from the seed source (Roe and DeJamette , 1 965 ) »
Studies by Boyd and Deitschman (1969) indicate 
that both Engelmann spruce and subalpine fir produce more 
seedlings on heavily scarified sites than on undisturbed 
sites, though spruce is favored most. Similar results for 
Engelmann spruce were recorded by Alexander (1966a) in 
Colorado, but the amount of subalpine fir reproduction 
did not vary significantly between disturbed and undis­
turbed seedbedso Engelmann spruce also exhibits a higher 
rate of reproduction on burned sites than on undisturbed 
sites, while subalpine fir does not (Boyd and Deitschman, 
1969).
Both Engelmann spruce and subalpine fir are shade 
tolerant, though spruce is somewhat less shade tolerant 
than fir (LeBarron and Jemison, 1953)* Comparatively heavy 
shade is desirable for the initial establishment of both 
species »
Alexander (1968) noted that in wet places grasses 
and other ground vegetation may increase so rapidly as to
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prevent the establishment of new reproduction, especially 
of spruce, which has more critical seedbed requirements 
than subalpine fir. LeBarron and Jemison (1953) pointed 
out that heavy brush can also prevent the establishment 
of spruce and fir seedlings.
Western larch (Larix occidentalis). Larix occiden- 
talis is rated as a good seed-producing species based on 
frequency of cone crops (Boe, 1958). Good and poor crops 
are produced in a ratio of 1:1, though good crops do not 
always follow poor ones.
Boe (1958) noted that 95 percent of the seed falls 
within 400 feet of the seed source.
Several observers have found seedling establishment 
of larch to be better on scarified areas than on burned 
areas, and generally poor on undisturbed sites (Boyd and 
Deitschman, 1989; Roe, 1952; Steele and Pierce, 1968; Vogl 
and Ryder, 1969). However, Roe (1952) found that when 
weather, seed supply, and other conditions are favorable, 
larch may regenerate satisfactorily without special site 
preparation.
Young western larch stands commonly overstock, 
especially on scarified or burned areas (Schmidt, 1966 and 
1969)* Under these conditions, early thinning is recom­
mended (Roe and Schmidt, 1965)°
During the first growing season, seedling survival
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ranges from none to about 80 percent (Boe, 1958)« Shearer 
(1967) found that the major causes of mortality in western 
larch seedlings are insolation, drought, fungi, and frost 
respectively*.
Larch seedlings are extremely intolerant of shade, 
and they are favored by the removal of competition from 
other trees, grasses, and shrubs (Boe, 1958; Schmidt, 1969)»
Herbage Production
Few studies of the amount of vegetation produced 
on clearcuts have been carried out « Hopkins (1952) recorded 
a production of approximately one ton per acre on cutover 
1ongleaf pine areas « Adjacent fully stocked pole stands 
averaged only 100 pounds per a c r e I n  a ponderosa pine 
forest in the Black Hills, Pace (1958) found that clear­
cuts produced over 2,000 pounds of air-»dry plant material 
per acre, compared to 40 pounds per acre under a timber 
stand with 70 percent crown cover*. Lewis (196?), in a 
study of four- to five-year-old clearcuts in western Montana 
in the Douglas-fir zone, found that herbage production was 
slightly over 1,100 pounds per acre o He also found that 
10-year-old clearcuts in the spruce-fir zone produced 1,230 
pounds of herbage per acre « Production of grasses and 
grasslike plants was 404 pounds per acre on the Douglas-fir 
clearcuts, but only 285 pounds per acre on spruce-fir 
clearcutso Production of forbs and shrubs was greater on
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the spruce-fir clearcuts than on the Douglas-fir clearcuts.
Use of Clearcuts by 
Deer and Elk
With wildfires now largely controlled, logging has 
become an important game habitat management tool, pro­
viding vegetational disclimaxes which produce big game 
forage (Lyon, 1966b; Pengelly, 1963 » 1966).
Studies by Reynolds (1962) indicate that mule deer 
(Odocoileus hemionus) on the north Kaibab in Arizona prefer 
unlogged areas to logged areas for the first two years 
after logging. However, from three to 11 years after log­
ging deer use was several times higher on logged areas. 
Similar results were obtained by Wallmo (1969) while 
studying deer use on lodgepole pine and spruce-fir clear­
cuts in Colorado. Stelfox (1962) noted that white-tailed 
deer (Odocoileus virginianus) and mule deer (Odocoileus 
hemionus) used three-year-old white spruce clearcuts in 
Alberta extensively. There was less deer use on both older 
and younger clearcuts. Elk (Cervus canadensis) use of 
logged over areas increased with an increase in time since 
logging.
Reynolds (1966), using pellet group counts in 
spruce-fir forests of Arizona, found that deer and elk 
prefer created (logged) forest openings to natural openings. 
Openings that were greater than 20 acres in size were little 
used by deer and elk, except near the forest margin.
Chapter 3
DESCRIPTION OP THE STUDY AREA
Location and Physiography
The study area is located near the town of Seeley 
Lake, Montana, in the upper Swan and Clearwater River 
watersheds (Figure 1). Five of the six study sites were 
within the Seeley Lake Ranger District of the Lolo National 
Forest. The other one was on the Condon Ranger District 
of the Flathead National Forest. All study sites were 
located on. national forest land.
The Swan and Clearwater Valleys are oriented in a 
near north—south direction, and are separated by a low 
unnamed pass referred to locally as the Seeley-Swan Divide. 
The area is bound on the west by the Mission Range and by 
the Swan Range to the east. The elevation at Seeley Lake 
is approximately 4,000 feet above sea level, with the 
nearby mountain peaks rising to 8,000 or almost 10,000 feet 
Between the rivers and high peaks there are timbered foot­
hills and ridges. Their lower slopes are usually gentle 
and rounded from the action of Pleistocene valley glaciers, 
while the higher areas are generally steeper and more 
broken.
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Vegetation and Clearcuts
The clearcuts selected for study were generally 
within the Abies lasiocarpa—Pachistima myrsinites associ­
ation as described by Daubenmire and Daubenmire (1968). 
Some areas tended toward the Abies lasiocarpa-XerophyHum 
tenax association.
Because of the occurrence of past wildfires, the 
overstory coniferous stands surrounding the clearcuts were 
not climax forests. They were dominated by the serai 
species Larix occidentalis, or Pinus contorta, or both 
(Daubenmire and Daubenmire, 1968; Habeck, 1967). Other 
tree species commonly found near the clearcuts were Abies 
lasiocarpa, Pseudotsuga menziesii, and Picea engeImannii. 
Because the time elapsed since burning varied from one 
study site to the next, various serai stages of succession 
were represented by the forest stands adjacent to the 
clearcuts. Habeck (196?) noted that the area near Seeley 
Lake probably represents a critical point on the moisture/ 
elevâtional gradient where Pseudotsuga, Picea, and Abies 
lasiocarpa would be expected to occur together in climax 
f orests.
The forest understory vegetation adjacent to all 
clearcuts was dominated by Vaccinium membranaceum, and 
XerophyHum tenax. Other important understory species 
found at all study sites were Calamagrostis rubescens, 
Carex concinnoides and Ĉ. geyeri , Arnica latif olia,
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Hieracium albiflorum, Amelanchier alnifolia, Chimaphila 
umbellata, Pachistima myrsinites, Rosa gymnocarpa, and 
Spiraea betulifolia.
The six study sites were named according to the 
number of growing seasons experienced by each clearcut 
since the last disturbance, and as to their status con­
cerning site preparation and slash treatment. Therefore, 
the site that had been cut the previous year and scarified 
incidental to logging was called the year U-1 site 
(U = untreated). The other clearcuts varied in age, but 
all had undergone site preparation and,slash treatment 
from one to three years following logging. These were 
referred to as the year T-1, T-3, T-5, T-7, and T-17 sites 
respectively (T = treated). Both site preparation and 
slash treatment were completed during the late summer and 
succeeding fall on all treated clearcuts. Thus, the 
scarified and the b u me d  areas on each cut were in essen­
tially the same year of plant succession. With respect to 
logging, the clearcuts were 1, 3» 5, 7,10, and 18 years 
old respectively.
The clearcuts were selected to be as similar as 
possible, except for age, Howeyer, there were some dif­
ferences, Clearcuts T-5 and T-17 occurred on areas which 
had been burned by wildfire in 1917 and 1910 respectively. 
Therefore, these cuts were surrounded by forests in rela­
tively early serai stages of succession compared to the
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other sites* The year T-5 site occurred on a slightly 
northeast exposure compared to south or west exposures for 
the other cuts * This clearcut was chosen, however, be­
cause it fit within the time sequence and was more similar 
to the other sites with respect to vegetation, soils, 
slash disposal, and site preparation than other possible 
choices* Also, this cutover area, though on a northeast 
aspect, was generally of a gentle slope, was bound by a 
very low ridge to the west, and thus direct insolation was 
almost as great as that of cuts on more open aspects* 
Figures 2 through 7 are general views of the year U-1,
T-1, T-3, T-5 y T-7> and T-17 clearcuts respectively*
Table 1 gives the physical characteristics, history, and 
location of each clearcut*
Climate
Records of the climate of the general study area 
are available from the Seeley Lake Ranger Station (U*S. 
Weather Bureau, 1959— 1969)* The station is located at an 
elevation of 4,100 feet above sea level* Though the study 
sites are near Seeley Lake, this weather data can only be 
considered to represent an approximation of the climatic 
conditions present on the various clearcuts studied. All 
study sites are at higher elevations than the Seeley Lake 
Ranger Station, so one might expect slightly higher annual 
precipitation and winter snow depths, and somewhat lower
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Figure 2. A General View of the Year U-1 Clearcut
Figure 3* A General View of the Year T-1 Clearcut
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Figure 4. A General View of the Year T—3 Clearcut
Figure 5. A General View of the Year T-5 Clearcut
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Figure 6. A General View of the Year T-7 Clearcut
Figure 7. A General View of the Year T-17 Clearcut
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Table 1. Physical Characteristics, History, and Location
Clearcut
Name
Elev,
Feet ioSlope Exposure Size in Acres
U-1 5100 16-35 West 29
T-1 5000 0-16 West 32
T-3 4400 ' 0-16 Level or Rolling
65
T-5 4200 0-35 NE 33
T-7 4400 0— 1 6 South. 20
T-17 4700 0-35 Level or Rolling
48
of Each Clearcut
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Slash Treatment 
and Site 
Preparation
Years Since 
Logging & Site 
Preparation Location
For. SeJTv. 
Ident. No.^
None— 1 year T17N, Seeley Lake
None, disturbed R14W R.S.
incidental to 
logging — — —
Sec • 6 25- 1-15
Piled in rows 3 years T18N, Seeley Lake
and burned— R15W R.S.
Machine scarified 1 year Sec. 20 22-1-02
Piled in rows 5 years T20N, Condon R.S.
and burned— R16W 18-1-10
Machine scarified 3 years Sec. 23
Piled in rows 7 years T17N, Seeley Lake
and burned— R15W R.S.
Machine scarified 5 years Sec. 30 12-1-18
Piled in rows 10 years T17N, Seeley Lake
and burned— R15W R.S.
Machine scarified 7 years Sec. 31 12-1-08
Piled in rows 18 years T19N, Seeley Lake
and burned— R16W R.S.
Machine scarified 17 years Sec. 22 18-1-08
^See timber sale maps at Seeley Lake or Condon
Ranger Stations.
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average temperatures at the former areas than the latter.
Normal temperature and precipitation values have 
not been established for the Seeley Lake recording station. 
Therefore , this writer calculated normal monthly and 
yearly temperature, precipitation, number of frost-free 
days, and maximum snow depth for the month of January from 
records for 1959 through 1968. Departure of the 19^9 data 
from the normal values for temperature and precipitation 
was also calculated for purposes of comparison.
Table 2 gives the monthly distribution of average 
temperature and precipitation values for 1969, and the 
calculated normal and departure values. The calculated 
mean annual (normal) temperature at the Seeley Lake Ranger 
Station is 41.5 degrees Fahrenheit. Temperatures during 
summer months average about 60^P. The number of frost- 
free successive days at the Seeley Lake station ranged 
from 23 to 90 from 1959 through 1968, averaging 51 days. 
There were 54 frost-free successive days during the summer 
of 1969.
The normal average precipitation is 23.45 inches. 
The months of May and June, the period of most active 
plant growth, were above average in precipitation in 1969* 
Maximum snow depths on the ground during January ranged 
from 14 to 40 inches from 1959 through 1968, averaging 
27 inches. In January of 1969, maximum snow depth was 
39 inches.
Table 2 . Climatological Data Recorded at Seeley Lake Ranger Station (U.S. Weather 
Bureau, 1959-19 69)
Month
Temperature (°F)
Departure
Precipitation Totals (Inches)
Temp.
1969
Normal
Temp.^
Ppt.
1969
Normal
Ppt.^ Departure
Jan. 17.1 20 .6 -3-5 6.39 3.34 +3.05
Feb. 25 .3 2 6 . 9 -0 . 6 0 .6 6 2 .0 0 -1.34
Mar. 30.8 30.8 0.0 1.52 1.74 -0.22
Apr. 45.2 39.4 +5.8 0.96 1.83 -0 .8 7
May 51.8 47.5 +4.3 2.15 1.90 +0.25
June 55.4 55.2 -0 . 8 5.41 2.16 +3.25
July 6 0 .2 6 2 .7 -2.5 0.27 0 .6 7 -0 . 4 0
Aug. 6 1 . 8 6 0 .7 +1.1 0.07 1.18 -1.11
Sept. 54.1 53.1 +1.0 0.90 1.81 —0.91
Oct. 38.4 44 .6 -6 . 2 1.43 1.65 -0 . 2 2
Nov. 32.7 32.0 +0.7 0.76 2. 6 4 -1.88
Deo. 25.4 23.0 +2.5 1.37 2.76 -1.39
Annual 41.6 41.5 +0.1 21.89 23.45 -1.56
^Calculated by the author from U.S. Weather Bureau data for 1959 through
1968.
w
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Prevailing winds over western Montana are from the 
west and northwest during winter months, and from the west 
and southwest during spring and summer months (U.S. Weather 
Bureau, 1959-19^9 )•
Soils
The soils of the study sites were Brown Podzolic 
(Nimlos, 1963). Parent material on the year T-5 site was 
pink quartzite till, containing approximately 30 percent 
coarse fragments. The soils are very deep and fairly 
mature. Table 3 gives a soil profile description for the 
year T-5 study site. Soils of the other study sites 
appeared to be very similar to this. Generally, site 
preparation procedures after logging remove the 0^ and Ag 
horizons, and all or part of the B^^ horizon.
Use of Clearcuts by 
Wild Ungulate
As originally planned, this study was to have 
included data on the use of clearcuts by wild ungulates, 
especially elk (Cervus canadensis), as related to the age 
of cutover areas. However, very little evidence of summer 
use of clearcuts by elk was seen, thus making the collec­
tion of such data impossible.
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Table 3* Soil Profile Description of the Brown Podzolic 
Soils Pound on the Year T-5 Study Site
Soil Profile Waits Soil Series (Pearcy, 19^5)
°1 1-0" Litter, matted and decomposed.
Ag 0-1/4” Discontinuous•
Sir 0-10" Yellowish brown (10 YR 5/4 moist); soft, cobbly sandy loam; weak fine 
subangular blocky; pH 5-0; numerous, 
fine roots ; clear, smooth boundary.
II Ag®' 10-14" Pinkish gray (7.5 YR 7/2 moist); cobbly, sandy loam; very weak sub- 
angular blocky and single grain; 
pH 5.5; few fine roots ; gradual, wavy 
boundary.
II AgB^^ 14-32" Pinkish white (7.5 YR 8/2 moist); cobbly, sandy loam; single grain; 
pH 5.5; very few fine roots ; gradual 
wavy boundary.
III AgB^ 32-96"+ Reddish brown (clay - 5 YR 5/4 moist); 
pinkish white (sand - 7.5 YR 8/2 
moist); sand and clay mixed; sand - 
single grain and clay structure is 
strong; pH 5.5; roots absent.
^ o  fines on underside of coarse fragments, 
opines on underside of coarse fragments.
The following comments pertain to my observations 
on the use of clearcuts by wild ungulates during the summer 
of 1969 in the Seeley-Swan area.
Deer use, though light, was noted on all clearcuts 
examined. White-tailed deer (Odocoileus virginianus) were 
common, but only one mule deer (Odocoileus hemionus) was 
seen on a clearcut. Deer utilized both young and old cut­
over areas. On young clearcuts they appeared to prefer
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vegetation growing on bu m e d areas, such as Geranium 
bicknellii and Epilobium angust if olium. On older cuts 
they seemed to prefer Salix scouleriana.
Observations on the use of clearcuts by elk were 
made throughout the summer. The last week in August and 
the first three weeks of September were specifically 
spent looking for such use, No elk were seen on clearcuts 
during the months of June through August. Tracks and 
droppings indicated that some cut over areas we?*e used 
earlier, perhaps in March and April. Tracks seen on cuts 
during the summer months were followed, and these invari­
ably crossed the area directly as though the animals were 
only "traveling." Most of this travel occurred on the 
scarified dozer tracks or roads, and though the animals 
occasionally appeared to feed a little along their line 
of movement, no evidence was found to indicate that elk 
had "wandered about" on clearcuts to feed. All elk seen 
during the summer months were on high snow slide areas or 
other openings which were unroaded.
On the 29th of August, fresh tracks and droppings 
were found, which indicated a band of elk had spent con­
siderable time feeding on a clearcut. The cut had been 
burned the preceding fall. This observation coincided 
with a marked drop in temperature after a long period of 
hot weather. Also, bull elk began to bugle four days 
later, indicating the beginning of the rut. It is not
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know what effect, if any, these factors had on the move­
ment of the animals to lower elevations.
Fresh signs of elk had been seen on all clearcuts 
examined by the first week in October. The animals did 
not appear to "seek out" specific clearcuts for use during 
this period, but seemed to travel widely. In one instance 
a band of elk was followed for over five miles, traveling 
along a logging road.
The feeding by elk was generally too light and 
irregular to permit any significant observations on the 
use of plants for food.
Timber Production Potential 
for ]üach ^tudy Site
Timber production potential for each site was 
measured in order to quantify the uniformity or lack of 
uniformity of the study areas. Pinus contorta, the most 
abundant tree species common to all study areas, was 
measured. A site index table compiled by Alexander 
(1966b) was used to obtain the site index class, which is 
expressed as the average height of dominant trees at age 
100 years.
The site index values (Table 4) varied only 15 
points over all study sites. Though Pinus contorta has a 
rather wide ecological amplitude, these values would seem 
to indicate that the variation between different sites is 
within the bounds necessary for the purposes of this study.
Table 4. The Site Index Class by Study Site
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Study Site (Year) U-1 T-1 T-3 T-5 T-7 T-17
Site Index Class 60 55 65 70 60 60
Chapter 4 
METHODS
Field Methods
The field work was carried out primarily during 
the summer of 1969* Study sites were selected and the 
vegetation was measured in terms of percent canopy 
coverage. Timber production potential for each study 
site was measured. In addition, observations were made 
on the use of clearcuts by wild ungulates, and a soil 
profile was described.
Study sites were chosen to be as similar as pos­
sible except for the age of the clearcuts. Selection was 
based primarily on uniformity of soil and the habitat 
type adjacent to each cutover area. Other criteria for 
selection, in order of importance, were uniform site 
treatment after logging, aspect, and slope. The habitat 
type adjacent to the clearcuts was determined on the basis 
of the presence of Abies lasiocarpa reproduction, and one 
or more of the following understory species: Acer glabrum,
Amelanchier alnifolia, Clintonia uniflora, Hieracium albi- 
florum, Rubus parviflorus, and Spiraea betulifolia. 
Daubenmire and Daubenmire (1968) noted that these species
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among several others were found only in their Abies 
lasiocarpa-Pachistima myrsinites association of their Abies 
series. They stated that among the above species, Clintonia 
is the most useful indicator. The dominant understory 
species were Vaccinium membranaceum and Xerophyllum tenax.
In order to study vegetal development on cutover areas 
after logging, six clearcuts, each of a different age, were 
chosen from 150 examined.
Three site conditions were studied: understory, 
scarified, and burned. Understory refers only to areas 
occurring beneath the uncut forest stand adjacent to each 
clearcut. Scarified areas are those where the surface soil 
horizons have been removed or severely disturbed by mechani­
cal action. Burned areas are areas where the logging 
slash was piled and burned. The latter two site conditions 
occur on the clearcuts. Other possible site conditions, 
such as unburned or unscarified, made up a very small part 
of the total clearcut areas. Therefore, these were not 
sampled.
The vegetation was measured by estimating percent 
canopy coverage for each species occurring within a gradu­
ated one square foot quadrat. The amount of ground 
covered by vegetation when viewed from directly above was 
the basis for these estimates. Species with spreading 
foliage were pressed together before estimating the percent 
canopy coverage to eliminate the interspaces between
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leaves or branches without compressing or crowding the 
plant parts. The amount of rock and bare ground, litter, 
and slash on the burned areas was also estimated.
Initially, mosses and liverworts were measured. However, 
because of their early drying and the lapse of time in 
measuring the different study sites, it was felt that any 
variations in their percent coverage from one site to 
another would be more apparent than real. Thus, these 
species were included with litter.
Six hundred (600) quadrats were used at each study 
site except year U— 1 ; 200 for the scarified areas; 200 for 
the burned areas; and 200 for the understory vegetation 
beneath the uncut forest stand adjacent to each clearcut. 
The year U-1 clearcut was unburned, so only the scarified 
area on the cut and the forest understory was measured 
(200 quadrats each). The number of quadrats chosen was 
based on experience gained from earlier, similar investi­
gations by Lewis (196?).
Twenty-five quadrats were spaced at 10-step inter­
vals along each transect. Eight transects were used for 
each of the scarified, burned, and forest understory areas 
at the six study sites. Since all site treated clearcuts 
(years T-1, T-3, T-5, T-7, and T-17) had been piled in rows 
and burned, these cuts had a pattern of alternating burned 
and scarified areas which were easily stratified into site 
conditions before sampling. Transects on the year U-1 site
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were located on logging skid trails. The transects on 
clearcuts (scarified areas and hurned areas) were located 
so they covered each cutover area as evenly as possible 
within the two site conditions. Transects used to sample 
the understory vegetation adjacent to each clearcut were 
located far enough within the forest stand to minimize 
any effects of clearcutting on that vegetation.
Lodgepole pine (Pinus contorta), the most abundant 
tree species found at all sites, was measured to obtain 
timber production potential for each study area. Ten 
trees were measured at each study site. They had full 
crowns, and were located within the forest stands adjacent 
to each clearcut. Approximate tree age was determined by 
making increment borings at breast height. A Spiegel- 
Relaskop was used to measure tree height to the nearest 
foot.
A soil profile was described at the year T—7 site. 
Examination of the other sites indicated that the soils on 
all sites were similar in gross morphology.
Laboratory Methods
Following field sampling, field data were summar­
ized. Canopy coverage values for the quadrats of each 
transect were totaled first, then the transect values were 
totaled. Following this, the average percent canopy 
coverages were calculated for each species occurring within
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the quadrats of each treatment (scarified, burned, or 
understory) for each study site. Prom these data, tables 
were constructed comparing the percent canopy coverages 
for each species between scarified, burned, and understory 
areas of each study site; and other tables comparing the 
percent canopy coverages by species between the scarified 
areas of all study sites, the burned areas of all study 
sites, and the forest understories of all study sites.
In order to determine dominance and to facilitate 
the comparison of data between study sites, values con­
tained in these tables were converted from absolute per­
cent canopy coverages to relative percent canopy coverages 
by expressing the value for each plant species as a 
percentage of the total vegetative cover for each treatment 
and study site*
Plant species not identified in the field were 
collected and pressed for laboratory identification*
Species lists were compiled by treatment and study site, 
and for all treatments and study sites (Appendix A).
Tree age and height measurements were averaged for 
each study site, and converted to site index values using 
a table compiled by Alexander (1966b)*
Chapter 5
RESULTS
Accuracy of Measurements
Accuracy of the percentage canopy cover estimates 
was measured by calculating coefficients of variation for 
cover values of the plant species by site class (Table 5).
These results indicate that the understory vege­
tation was less variable than that on the cutover areas. 
Two factors contribute to this situation. These are the 
presence on clearcuts of both understory and invading 
species, and the decrease in community homogeneity on 
cutover areas.
The Forest Understory
Canopy coverage of the understory vegetation was 
measured in order to characterize the pre-logging vegetal 
composition adjacent to each clearcut. These measurements 
were used to compare the understory vegetation of the 
different study sites, and as a contrast to post-logging 
vegetal development on the cutover areas.
No measurements of the forest overstories were 
taken other than to note the dominant tree species near 
the cuts. It was believed that understory measurements
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Table 5 - Summary of the Statistical Analysis of Canopy Coverage Values by Plant 
Species
Plant Species
Number of Growing Seasons Following Last Disturbance
Yr. U-1 Yr. T-1 Yr. T- 3 Yr. T- 5 Yr. T- 7  Yr. T- 1 7
U S U S B U S B U S B U S B U S B
Acer glabrum 
Xrct ost aphylos uva-ursi 
Amic a Tat if o Ji a 
Ëerberis repens 
Calama^ostis rubes cens 
Carex concTnnoi&es 
Chimaphila umbellata 
ï^pilobium angustifolium 
Epilobium paniculatum 
Fachistima myrs init es 
^pTraea betulifolia 
Vaccinium membranaceum 
Xerophyllum tenax
All others 
(over 30^ C.V.)
¥: * 
* * 
*
Coefficient of variation of 30^ or less 
U = Understory areas.
S = Scarified areas.
B = Burned areas. U1
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would adequately describe the sites. Dominant overstory 
trees were the serai species Larix occidentalis and Pinus 
contorta. Other overstory trees found in various amounts 
were Abies lasiocarpa, Pseudotsu^a menziesii $ and Picea 
engelmanii. The most abundant tree reproduction was repre­
sented by Abies lasiocarpa. Figure 8 is a general view of 
a typical understory.
The absolute understory canopy coverage ranged 
from 55.4 to 74.6 percent (Figure 9). The average abso­
lute understory canopy coverage was 61.9 percent. In 
terms of plant groups, the only significant contributors 
were the shrubs and low woody plants, Xerophyllum tenax, 
and perennial forbs (Figure 10). Xerophyllum tenax was 
treated separately because of unique growth habits, abun­
dance , and reaction to logging.
Sixty-five plant species were found on the study 
sites in the understory. The relative percent canopy 
coverage values of important species and groups of minor 
species in the understories by study site are given in 
Table 6 .
Five grasses were found in the understories, but 
only Calamagrostis rubescens and Festuca occidentalis were 
found on all areas. Calamagrostis rubescens made up 0.5 
percent of the relative canopy coverage, while Festuca 
occidentalis, with one exception, was found in only trace 
amounts.
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Figure 8. General View of a Typical Understory
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Figure 9. The Total Absolute Percent Understory Canopy Coverage Values by Study Site
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Table 6. The Relative Percent Canopy Coverage Values of 
Important Plant Species and Groups of Minor Species in 
the Forest Understories by Study Site
Number of Growing Seasons 
Since Last Disturbance
tDTuay bixe
U-1 T-1 T-3 T-5 T-7 T-17
Grasses
Calamagrost is rubescens 0.2 0.3 0.1 0.9 0.5 1.0Festuca occidentalis T T 0.1 NS NS T
Other grasses T T — —Sub-ioxal 0.2 “0.3 0.2 0.9 ' 0.5 1 .(7
Grasslike Plants
Carex concinnoides T 0.3 0.1 0.4 0.3 0.2Uarex geyeri 0.2 T 0.1 T 0.3 T
Sub-total 0.2 ^.3 (772 “"(T.'4" 0. b 0.2
Perennial Forbs
Arnica latifolia 6.5 1.9 3.1 3.2 0.9 4.8Clintonia uniflora 0.3 T 0.7 — 0.3Fragaria virginiana T 0.2 T T T T
Goodyera obiongifolia 0.3 0.3 0.1 T 0.5 NSHieracium albiflorum 0.2 0.2 T 0.4 0.3 0.2Lupinus laxiflorus — 0.2 — — 1.4 0.5Viola orbiculata 0.2 0.2 0.1 0.2 T 0.2
other perennial forbs 1.3 T 0.6 0.2 T T
Sub-total b.8 3.0 4ob f.lT 3.7T 6.0
Annuals and Biennials
Melampyrum lineare — T — 0.7 0.7 0.3
Sub-total — T — U.7 ^ . 7 "0.3
Xerophyllum tenax
(Sub—total) 25.3 35.8 23.6 32.8 25.9 24.7
T = Trace 
NS = Not sampled
Table 6— Continued
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Study Site
Number of Crowing Seasons 
Since Last Disturbance
U-1 T-1 T-3 T-5 T-7 T-17
Shrubs and Low Woody
Plants
Kcer glabrum 1.2 — 12.9 — — —Amelanchier alnifolia 0.6 1 .0 3.2 0.5 0.7 0,5Arctoslaphylos uva-ursi — 1.4 0.4 3.2 15.2 0.7Berberis repens 1.2 0.5 2.4 0.2 — 1 .0Chimaphila umbellata 1.6 2.0 1.1 0.9 2.7 3.8Linnaea borealis — 4.6 2.1 10.1 5.3 2.2Lonicera utahensis 0.3 0.5 0.4 — TPachistima myrsinites 13.8 7.2 1.5 4.7 2.7 2.7Pyrola secunda 0.2 0.2 0.1 NS — 0.3Rosa gymnocarpa 2.0 1.2 5.1 0.9 0.2 4.0Salix scouleriana 0.6 T — 0.2 T 1.5Spiraea betulifolia 6.8 3.2 5.1 4.1 3.3 5o2Taxus brevifolia 0.2 16.1 — —
Vaccinium caespitosum — 1.5 — 16.0 6.3 —Vaccinium membranac eum 35.7 37.1 19.0 16.0 32.3 45.6Vaccinium scoparium — T — 3*6 — —
Other shrub’s" and"Tow
woody plants 1 .0 — 1.7 NS NS 0.3
Sub—total ^5 bO.4 71 . 1 bO.3 bb.T
Coniferous Trees 
(shrub-sized ;
Abies lasiocarpa 0.3 0.2 0.3 0.7 0.5 TOther conifers T 0.2 T —
Sub—total 0o3 0.2 Ô.3 d.g ^.5 T
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The grasslike species such as Carex geyeri and 
Carex concinnoides were found in all underst ories. To­
gether, grasslike plants averaged only 0.3 percent of the 
relative canopy coverage.
Twenty-six perennial forbs were found. These 
plants made up an average of only 5.1 percent of the rela­
tive plant cover. Perennial forbs that were found on all 
understories include Arnica latifolia, Fragaria virginiana, 
Groodyera oblongif olia, Hieracium albiflorum, and Viola 
orbiculata. Other less important perennial forbs were 
Clintonia uniflora and Lupinus laxiflorus c The remaining 
species comprised a relatively minor part of the under­
story relative cover.
Xerophyllum tenax made up an average of 28.0 per­
cent relative vegetative cover.
Melampyrum lineare was the only annual underst ory 
forb found. It was not found on all sites , and made up 
only 0.3 percent of the average relative vegetal cover.
Shrubs (including low woody plants) were the domi­
nant understory plants. They made up an average of 65.4 
percent of the relative vegetative covero Shrubs occurring 
in all understories were Amelanchier alnifolia, Chimaphila 
umbellata, Pachistima myrsinites, Rosa gymnocarpa, Spiraea 
betulifolia, and Vaccinium membranac eum. The dominant 
shrub was Vaccinium membranaceum, which averaged 31-0 percent
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of the relative vegetal cover. Shrubs not located on all 
sites, but important on one or more areas were Arcto- 
staphylos uva-ursi, Berberis repens, Linnaea borealis,
Acer glabrum, Lonicera utahensis, Salix scouleriana,
Taxus brevif olia, and Vaccinium caespitosum.
Shrub-sized (six feet high) coniferous trees were 
measured, and only Abies lasiocarpa occurred in all under­
stories. It composed O .3 percent of the average relative 
vegetative cover.
The relative vegetative cover did not vary greatly 
from one site to another when considering major plant 
groupings (Table 6 ). However, there were several rather 
large differences in the relative cover of species within 
the plant groups between areas. Those species showing 
the largest variations from the norm were shrubs or low 
woody plants. For example, Arctostaphylos uva-ursi made 
up 15.2 percent of the relative cover on the year T-7 
site, while its greatest cover on the.other sites was 
3.2 percent at year T-5. It was not found at all on the 
year U-1 site. Similarly, Linnaea borealis was not found 
at the year U-1 site, but comprised 10.1 percent of the 
relative cover on the year T-5 site and its next greatest 
percentage relative cover was 5.3 sit the year T-7 site. 
Acer glabrum and Taxus brevifolia occurred only on sites 
year U-1 and year T—3» They were not abundant at the 
year U-1 site, but made up 12.9 percent and 16.1 percent
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respectively of the relative vegetative cover on the year 
T—3 site. Pachistima myrsinites was found on all sites, 
but made up I3.8 percent relative cover at site U-1, while 
the next highest measurement was 7*2 percent cover at 
year T-1, and only 1.5 percent at year T-3. Vaccinium 
caespitosum was found on three sites (years T-1, T-5 y and 
T-7)* It comprised 16.0 percent relative cover at year 
T-5, 6.3 at year T-7, and only 1.5 percent at year T-1. 
Vaccinium membranac eum, as noted before, occurred on all 
sites and was the most important shrub. However, its 
relative cover values ranged from 16.0 percent on the 
year T-5 site to 45*6 percent on the year T-17 site. 
Vaccinium scoparium made up 3*6 percent of the relative 
cover on the year T-5 site. Except for the year T-1 site, 
where it was found in trace amounts, it was absent from 
the other study areas.
In considering all understory sites, Vaccinium 
membranac eum and Xerophyllum tenax were the dominant 
species in that order, except on sites T-3 and T-5 where 
Xerophyllum tenax had a greater relative cover than Vac­
cinium membranac eum. Together these two plants averaged 
59.0 percent of the relative vegetal cover in the under­
story. The third and fourth most abundant plants varied 
from one site to another, and were all shrubs or low woody 
plants except on the year T-17 site where the fourth most 
abundant species was Arnica latifolia.
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Comparison of the Forest 
Understory with Scari— 
fled and Burned Areas
The number of species varied between understory ̂
scarified, and burned areas, as well as with age of the
site (Table ?)• The scarified areas had a greater number
of species than the burned areas at all sites (ages).
Also, except for the year T-1 and T-3 burned areas, all
logged areas had a greater number of species than was
found in the adjacent understory. The greatest number of
species on clearcuts was found on the year T-17 site, on
both the scarified and the burned areas.
Table 7- The Numbers of Species Pound on Understory, 
Scarified, and Burned Areas by Study Site
Study Site U-1 T-1 T-3 T-5 T-7 T-17
Understory 40 34 44 30 29 36Scarified 42 41 60 53 49 63Burned — 23 42 44 41 53
Important species on each study site were classi­
fied as retreaters, decreasers, invaders, or increasers 
depending upon their response to logging and site treatment 
(Table 8). When applicable, these species were also 
classified as scarified area associates or burned area 
associates. Retreaters were species which occurred in a 
given understory but not on the adjacent clearcut, while 
invaders occurred on the cut but not in the understory.
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Table 8• 
Response
Plant Species Categorized According to Their 
to Clearcutting and Site Treatment by Study Site
Study Site
Number of Growing Seasons 
Since Last Disturbance
U-1 T-1 T-3 T-5 T-7 T-17
IC S IC IC IC S IC
IV S IV IV IV
IC IC IC IC
IC IC S IC S IC S S
R IC IC S
IV IV S IV S IV IV S IV S
Grasses and Grasslike 
Plants 
Calamagrost is rubescens 
Des champs ia"^ 1 ongat a 
Festuca occidentalis 
Carex concinnoides 
Carex geyeri 
Carex rossii
Perennial Forbs 
Arnica latifolia 
Aster^ conspicuus 
Astragalus ^anadensis 
Cirsium arvense 
Clintonia uniflora 
Epilobium an^stifolium 
Ep11ohium watsoniT 
Pragarla vesca 
Fragarla virginiana
oblongifoliaGoodyera 
HieracTum' ïupinus
albiflorum 
Taxlflorus 
triangularisSeneclo x ngu. Smilacina stellata
Thallctrurn 
Viola
occidentale 
orbiculata
Xe rophyllurn tenax
IC IC D D
IC
IV IV IC
IV IV IV B IV IV B
D D R
IC IV S IV IV B IV B IC B
IV IV S IV IV IV S IV
IC s IV B
IC S IC B
R R R R R R
S IC S IC S IC S
R D R
IV
IV
IC R IV
R R
D D D D D D
R = Retreater
D = Decreaser
IV = Invader
IC = Increaser
S = Scarified Area Associate) occur only on sites
) T-1 , T-3, T-5, T-7, 
B = Burned Area Associate ) and T-17
Table 8— Continued
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Study Site
Number
Since
of Growing Seasons 
Last Disturbance
U-1 T-1 T-3 T-5 T-7 T-17
Annual and Biennial
Forbs
Cirsium vul^are IV B IV B IV S IV
Conyza canadensis IV B IV IV
Epilobium paniculatum IV IV S IV S IV IV IV
Filago arvense IV IV IV IV
Geranium bicknellii IV B IV IV
Gnaphalium viscosum IV IV IV S IV IV S IVLacxuca serriola IV IV IV
Melampyrum lineare R R RMoldivica parvii^lora B
Shrubs and Low Woody
Plants
‘Acer glabrum IC D IV BAmelanchier alnifolia D D IC B
Arc tost aphylos uva-ursi D R IC S IC SBerberis repens D RChimaphila umbellata D R R R R R
Linnaea borealis D R D D
Lonicera utahensis D R IVPachistima myrsinites D D D D D DBopulus trichocarpa IV S IVPyrola secunda R R R R R
Ribes lacustre IV IV IV
hibes viscosissimum IV BRosa gymnocarpa D D D
Rubus parviflorus IC IV IV
Salix scouleriana R IC S IC B IC
Spiraea betulii*olia IC IC B IC IC B IC B
Symphoricarpos albus D IV IC IV B
Taxus brevifolia R R
Vaccinium caespitosum R D D
Vaccinium membranaceum D D D D D D
Vaccinium scoparium D
Coniferous Trees
(shrub-sized)
Abies lasiocarpa R R R D D R
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Increasers and decreasers showed a marked increase or 
decrease in relative and, with few exceptions, absolute 
vegetative canopy cover from the understory to the clear- 
cut . Scarified and burned area associates were important 
species which were relatively (and often absolutely) more 
abundant on one or the other site class on a given clear- 
cut. The relative and absolute percent canopy coverage 
values of important plant species and groups of minor 
species for all site classes are given in Appendix B, 
Tables 13 through 18, for study sites U-1, T-1, T-3, T-5, 
T-7, and T-1? respectively.
Species which were most consistently classified as 
retreaters on the different study sites were Goodyera 
oblongif olia, Melampyrum lineare, Chimaphila umbellata, 
Pyrola secunda, and Abies lasiocarpa. Xerophyllum tenax, 
Linnaea borealis, Pachistima myrsinites, and Vaccinium 
membranac eum were the most consistent decreasers.
Species which invaded most cutover areas were 
Deschampsia elongata, Carex rossii, Cirsium arvense, 
Epilobium angustifolium, Epilobium watsonii, Cirsium 
vulgare, Epilobium paniculatum, Filago arvense, and 
Gnaphalium viscosum. Calamagrost is rubescens, Festuca 
occidentalis, Carex concinnoides, and Spiraea betulifolia 
increased on most clearcuts when compared to the adjacent 
understory.
Plant species most noticeably associated with
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scarified areas were Carex concinnoides, Carex rossii, 
and Hieracium albiflorum. Epilobium angustif olium and 
Spiraea betulif olia were associated with most burned 
areas. Geranium bicknellii and Moldivica parviflora 
occurred almost exclusively on the year T-1 (youngest) 
burned area.
Tables 13 through 18 (Appendix B) were examined 
with regard to plant group response to logging and site 
treatment from the underst ory to the clearcut area for 
each study site. On the year U-1 site, all plant groups 
decreased in absolute percent canopy coverage except 
grasses, which remained static. In relative values, all 
groups decreased except grasslike plants, perennial' 
forbs, and annual and biennial forbs. On all other study 
sites, all plant groups except Xerophyllum tenax, shrubs 
and low woody plants, and shrub-sized conifers increased 
in both relative and absolute percent canopy coverage. 
Xerophyllum and shrubs and low woody plants decreased on 
all other sites, while shrub-sized conifers decreased on 
the year T-1 and T-3 sites, remained almost the same on 
the year T-5 site, and increased on the two older sites.
Comparisons of Different 
^^&Gd Clearcuts
Scarified areas. Absolute vegetal canopy coverage 
values for scarified areas were low on the year U-1 and 
year T-1 sites, 24*7 percent on the year T-3 site, and
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ranged from 16.5 to 29.8 percent on the older cuts.
In terms of relative percentage vegetal cover 
(Table 9), the dominant plant species on the year U-1 
scarified area were: Arnica latif olia (34.7 percent);
Xerophyllum tenax (20.0 percent); and Spiraea betulifolia 
(12.7 percent). The dominant plant group was the peren­
nial forbs (47.4 percent).
Table 9- The Relative Percent Canopy Coverage of Important 
Plant Species and Groups of Minor Species for the Scarified 
Area by Study Site
Study Site
Number of Growing Seasons 
Since Last Disturbance
U-1 T-1 T-3 T-5 T-7 T-17
Grasses
Calamagrost is rubescens — 7.9 0.8 6.8 16.0 10.0Deschampsia elongata — — 1.6 T 0.6 0.7Festuca occidentalis T T 0.8 2.6 5.3 0.3Other grasses T NS T 0.5 T 0.3
Sul)-t otal T 7.9 9."9" "2T. 9' 1i.3
Grasslike Plants
Carex concinnoides 1.8 6.1 T 15.6 23.3 3.0Carex geyeri — T 0.4 — 1.8 1.0Carex rossii T 5.3 1.6 0.5 0.6 1.0Otlier grasslike plants — 0.9 — NS — —
Sub-total 12.3 2.0 15. 1 255.7 5.0
Perennial Forbs
Arnica latifolia 34.7 4.4 3.2 1.0 1.2 1 .0Cirsium arvense — T 10.8 T 1.2 0.7
Epilobium angustifolium 1.8 30.6 1.2 3.1 1.8 0.3
T = Trace 
NS = Not sampled
Table 9— Continued
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Study Site
Number
Since
of Growing Seasons 
Last Disturbance
U-1 T-1 T-3 T-5 T-7 T-17
Epilobium watsonii T 7.9 2.4 0.5 0.6 TPragaria vesca - — 3.2 — — 2.3Fragaria virginiana T T T 2.6 7.1 11.4Hieracium albiflorum T T 0.4 10.4 7.1 1 .7Other perennial forbs 10.9 1.8 2.0 0.5 0.6 3.3
Sub-*botal 47.4 T ^ 7 23.2 "Tsrr 49.6' 2 0.7
Annual and Biennial 
Ports
ÏTlrsium vulgare 
Épiïobium paniculatum 
Filago arvense 
Gnaphalium viscosum 
Other annual and 
biennial forbs
T
T
0.9
T
2.6
18.3
22.95.6
0.4
0.4
T
T
1.0
4.2
T
3.0 
0.6 
1 .8 
2.4
1.2
0.3 1 .0 
T
0.3
0.3
bub—total T " ' 5.5 ■̂ "4T.6 5.2 9.0 ' 1.9
Xerophyllum tenax
(sub-total ; 20.0 11.4 0.8 3.1 T 15.4
Shrubs and Low Woody 
Plants
Acer glabrum 3.6 — 4.0 — — —
Amelanchier alnifolia T 0.9 0.4 1 .0 0.6 0.7Arctostaphylos uva-ursi T — 17.1 13.6 14.0Pachistima myrsinites ■ 1.8 0.9 0.4 1.0 T 0.7Populus trichocarpa — — — 1.0 0.6 2.3balix scouleriana. NS — 10.9 1.2 9.0Spiraea betulifolia 12.7 9.6 6.0 11.5 3.0 7.4Vaccinium membranaceum 1.6 7.9 T 0.5 T 5.0Other shrubs and low
woody plants 9.1 0.9 12.0 3.6 0.6 5.9
Sub—t otal 30.Ü 20.2 23.2 46.6 19.6 45.0
Coniferous Trees 
(shrub-sized ;
Conifers — — T 1.0 4.2 0.7
Sub-total — — T 1.0 " ■ 4.2" 0.7
Grand total 100.0 100.0 100.0 100.0 100.0 100.0
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On this scarified area, 42 species were observed, 
of which four were grasses, two were grasslike plants,
20 were perennial forbs, two were annual and biennial 
forbs, and 14 were shrubs and low woody plants.
On the year T-1 site, Epilobium angustifolium 
accounted for 30.6 percent of the relative canopy cover­
age, almost three times that of the second ranking 
species, Xerophyllum tenax (11.4 percent). These 
species, together with Spiraea betulifolia, Calamagrostis 
rubescens, Epilobium watsonii, and Vaccinium membranac eum, 
made up 73*3 percent of the relative vegetal cover. The 
most important group of plants was the perennial forbs, 
which accounted for 44.7 percent relative cover.
Forty-one species were located within the sample 
units on the year T-1 scarified area. Three of these 
species were grasses, six were grasslike plants, 15 were 
perennial forbs, six were annual and biennial forbs, and 
11 were shrubs and low woody plants.
Eight species made up 74.0 percent relative cover 
on the year T—3 scarified area. These species were : 
Epilobium paniculatum (22.9 percent); Cirsium vulgare 
(18.3 percent); Cirsium arvense (10.8 percent); Spiraea 
betulifolia (6.0 percent); Filago arvense (5.6 percent); 
Acer glabrum (4.0 percent); Arnica latifolia (3.2 per­
cent); and Fragaria vesca (3.2 percent). The annual and 
biennial forbs assumed dominance on this site, accounting
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for 47*6 percent relative cover.
Of the 60 species observed in this sampling area, 
there were 11 grasses, three grasslike plants, 20 peren­
nial forbs, 12 annual and biennial forbs, 13 shrubs and 
low woody plants, and one shrub-sized coniferous tree.
The most abundant species on the year T-5 scarified 
area were: Arctostaphylos uva-ursi (1?.1 percent rela­
tive cover); Carex concinnoides (15.6 percent); Spiraea 
betulifolia (11.5 percent); Salix scouleriana (10.9 per­
cent); Hieracium albiflorum (10.4 percent); and Calama- 
grostis rubescens (6.8 percent). Together these plants 
comprised 72.3 percent relative vegetal cover on the 
area. Shrubs and low woody plants with 46.6 percent 
relative cover were the dominant plants as a group.
Within the year T-5 scarified area, 53 species 
were observed, of which eight were grasses, three were 
gras8like plants, 19 were perennial forbs, 10 were annual 
and biennial forbs, 11 were shrubs and low woody plants, 
and two were conifers (shrub-sized trees).
On the year T-7 site Carex concinnoides, Calama- 
grostis rubescens, and Arctostaphylos uva-ursi accounted 
for over half of the relative vegetal cover. These 
species, along with Fragaria virginiana, Hieracium albi- 
florum, and Festuca occidentalis, made up 72.4 percent 
relative cover. With 23-3 percent relative cover, Carex 
concinnoides was the most abundant single species.
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Together, the grasses and grasslike plants were the domi­
nant plant group (47.6 percent relative cover).
There were 49 species observed on the year T—7 
scarified area, of which nine were grasses, three were 
grasslike plants, 17 were perennial forbs, seven were 
annual and biennial forbs, nine were shrubs and low woody 
plants, and four were shrub-sized coniferous trees.
In terms of percentage relative vegetal cover, the 
dominant species on the year T-17 scarified area were : 
Xerophyllum tenax (15.4 percent); Arctostaphylos uva- 
ursi (14.0 percent); Fragaria virginiana (11.4 percent); 
Calamagrostis rubescens (10.0 percent); Salix scouleriana 
(9.0 percent); Spiraea betulifolia (7.4 percent); and 
Vaccinium membranaceum (5.0 percent). These species made 
up 72.2 percent relative cover.
The greatest number of species (63) was found on 
this, the oldest, scarified area. There were 10 grasses, 
three grasslike plants, 22 perennial forbs, nine annual 
and biennial forbs, 17 shrubs or low woody plants, and 
two conifers (shrub-sized trees).
Burned areas. Absolute vegetal canopy coverage 
values for burned areas were low on the year T-1 site 
(U-1 was unburned), 21.9 percent on the year T-3 site, 
and ranged from 18.1 to 28.4 percent on the older sites.
In terms of relative percentage vegetal cover
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(Table 10), the dominant plant species on the year T-1 
burned area were: Geranium bicknellii (26,6 percent);
Epilobium angustifolium (16.7 percent); Spiraea betuli- 
folia (16.7 percent); and Xerophyllum tenax (11.7 per­
cent). These plants made up 71.7 percent of the canopy 
coverage on this area. An interesting plant which 
occurred only on this site (except for a trace amount on 
the year T-5 burned area) was Moldivica parviflora. It 
accounted for 6.7 percent relative cover. The dominant 
plant group on the year T-1 burned area was the annual 
and biennial forbs (33*3 percent relative cover).
On this burned area, 23 species were observed, of 
which one was a grass, four were grasslike plants, seven 
were perennial forbs, three were annual and biennial 
forbs, and eight were shrubs and low woody plants.
On the year T-3 site, Cirsium vulgare accounted for 
37.4 percent of the relative canopy coverage, over three 
times that of the second ranking species, Epilobium 
paniculatum (10.9 percent). These species, together with 
Cirsium arvense, Spiraea betulifolia, and Acer glabrum, 
made up 70.1 percent of the relative vegetal cover. The 
most important group of plants was the annual and biennial 
forbs, which accounted for 53»8 percent relative cover.
Forty-two species were located within the sample 
units on the year T-3 burned area. Four of these species 
were grasses, two were grasslike plants, 14 were perennial
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Table 10. The Relative Percent Canopy Coverage of Impor­
tant Plant Species and Croups of Minor Species for the 
Burned Areas by Study Site
Study Site
Number of Growing Seasons 
Since Last Disturbance
T-1 T-3 T-5 T-7 T-17
Grasses
CalamagrostIS rubescens 5.0 0.5 5.2 7.1 13.4Festuca occidentalis — 0.5 1.0 4.9 1.4Other grasses — T T — 1 08
Sub—total 5.0 1.0 6 « 2 12.0 16.6
Grasslike Plants
Carex concinnoides 3.3 T 3.6 2.2 0.7Carex rossii T — T — T
Other grassl_ike plants T T T 1 .6 T
Sub-total 3.3 T 3.6 3.8 0.7
Perennial Forbs
Arnica latifolia 5.0 3.6 0.5 2.2 1 . 1Cirsium arvense 8.2 1.6 1.1 4.9Epilobium an^st if olium 16.7 1.8 38.5 29.2 1.8Epilobium watsonii — 2.7 T T 0.4Eragaria vesca — 0.9 — — 14.1Fragaria virginiana T T T 6.0 16.2
riieracium albiflorum _ 6.2 2.7 0.4Other perennial forbs T 1.9 T T 2.7
Sub-total 21 .7 T5.T" 46. b 41 .2 41 0 6
Annuals and Biennials
Cirsium vulgare — 37.4 4.7 1.1 1 .1Epilobium pani culatum — 10.9 0.5 1.1 1.4Filago arvense — 4.5 0.5 T TGeranium bicknellii 26.6 — T — —
dnaphalium viscosum T T 4.1 1 .1 0.7Moldivica parviflora 
Other annual and 6.7
— T — —
biennial forbs — 1.0 T 0.5 1.1
Sub-total 33.3 53.8 9.8 3.“b“ 4.3
T = Trace
Table 10— Continued
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Study Site
Number of Growing Seasons 
Since Last Disturbance
T-1 T-3 T-5 T-7 T-17
Xerophyllum tenax
(sub-totai; 11.7 T 6.7 7.7 0.4
Shrubs and Low Woody 
Plants
Acer glabrum — 5-9 — — 1.4Amelahchier alnlfolia — 0.5 — 4.9 0.4Arctostaphylos uva-ursi T — 4.1 9.3 2.1l?achistima myrsinites T 0.5 T 0.5 0.4Populus irichocarpa — — — — 1.4
sTalix scouleriana — 2.6 4.9 10.9Spiraea betulifolia 16.7 7.7 14.0 5.5 10.9Vaccinium membranaceum 8.1 T T 0.5 3.2Other shrubs and low
woody plants T 11.5 6.2 5o4 5.7
Sub—t otal 25. 1 26. g 31 oO 3b. 4
Coniferous Trees 
(shrub-sized;
Cionif ers — T — 0.5 —
Sub—total — T — Ü.5 —
Grand t ot al 100.0 100.0 100.0 100.0 100.0
forbs, seven were annual and biennial forbs, 14 were 
shrubs and low woody plants, and one was a conifer 
(shrub-sized tree).
Five species made up 70.6 percent relative cover 
on the year T-5 burned area. These were: Epilobium
an^stif olium (38. 5 percent); Spiraea betulif olia
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(14.0 percent); Xerophyllum tenax (6.7 percent); Hier­
acium albiflorum (6.2 percent); and Calamagrost is 
rubescens (5o2 percent). The perennial forbs assumed 
dominance on this site, accounting for 46.8 percent rela­
tive cover.
Of the 44 species observed in this sampling area, 
there were six grasses, three grasslike plants, 14 peren­
nial forbs, nine annual and biennial forbs, and 12 shrubs 
and low woody plants.
The most abundant species on the year T-7 burned 
area were : Epilobium angustifolium (29.2 percent relative
cover); Arctostaphylos uva-ursi (9-3 percent); Xero­
phyllum tenax (7.7 percent); Calamagrost is rubescens 
(7.1 percent); Fragaria virginiana (6.0 percent); Spiraea 
betulifolia (5-5 percent); Amelanchier alnifolia (4.9 
percent); Salix scouleriana (4.9 percent); and Festuca 
occidentalis (4.9 percent). Together, these plants com­
prised 79.5 percent relative vegetal cover. Perennial 
forbs were dominant, making up 41.2 percent relative 
cover.
Within the year T-7 burned area, 41 species were 
observed, of which two were grasses, two were grasslike 
plants, 15 were perennial forbs, seven were annual and 
biennial forbs, 13 were shrubs and low woody plants, and 
two were shrub-sized coniferous trees.
On the year T-17 burned area, dominance was more
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or less shared by Fragaria virginiana (16.2 percent 
relative cover), Fragaria vesca (14«1 percent), Calama- 
grostis rubescens (13-4 percent), Salix scouleriana 
(10.9 percent), and Spiraea betulifolia (10.9 percent). 
These plants, together with Cirsium arvense, accounted 
for 70.4 percent relative cover. The dominant plant 
group was again perennial forbs on this burned area, 
with 41.6 percent relative cover. However, shrubs and 
low woody plants were also abundant with 36.4 percent 
relative cover.
The greatest number of species (53) was found on 
this, the oldest, burned area. Seven of these species 
were grasses, three were grasslike plants, 19 were 
perennial forbs, eight were annual and biennial forbs, 
and 16 were shrubs and low woody plants.
Canopy Coverage Comparisons 
be twe en~^he understory and 
5carifled Areas and be tween 
the tJnderstory and ^Burned 
Areas
Comparison of the canopy coverage between the 
understory and scarified areas and between understory and 
burned areas was made in order to describe the effects of 
clearcutting on the understory vegetation. Comparisons 
were made using only absolute vegetal canopy coverage 
values for the most important species by calculating the 
percentage change in absolute canopy coverage values from
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the understory to scarified areas (Table 11) and from 
understory to burned areas (Table 12) at each study site. 
This type of comparison is possible because of the simi­
larity of the understory vegetation at the various study 
sites. Also, the vegetation of the adjacent forest 
understories was assumed to be representative of the 
understory vegetation on the respective clearcut areas 
prior to logging.
Initially, all important species except Calama­
grost is rubescens decreased after clearcutting and site 
treatment. The most important understory species, 
Xerophyllum tenax and Vaccinium membranaceum, decreased 
over 90 percent. Xerophyllum tenax showed some tendency 
toward recovery by the seventeenth year after disturbance 
on the scarified area, while Vaccinium membranac eum did 
not. Neither species tended to recover on burned areas. 
Only Calamagrost is rubescens, Hieracium albiflorum, and 
Salix scouleriana consistently increased on the older 
clearcuts to become more abundant than in the understory. 
The other species, especially the shrubs, experienced a 
great decrease after disturbance. Except for Amelanchier 
alnifolia and Spiraea betulifolia, this loss was not sub­
stantially regained throughout the 17-year period covered 
by this study.
Table 11. Percentage Change in Absolute Canopy Coverage Values from Understory 
to Scarified Areas of Each Study Site for Important Species^
Study Site
Number of Growing Seasons Since Last Disturbance
U-1 T-1 T-3 T-5 T-7 T-17
Calamagrostis rubescens -99 +350 +100 +160 +800 +400Arnica latifolla -57 -55 -65 -89 -60 -90
Hieracium albiflorum —99 —99 +99 +900 +500 +400Xerophyllum tenax -93 -94 -99 -97 -99 -70Amelanchier âlhïTolia -99 -83 -96 -33 -75 -33Linnaea borealis -96 -100 -93 -100 -92Pachistima myrsinites -99 -98 -91 -92 -99 -88Rosa gymnocarpa -92 -99 -90 -80 -99 -88Salix scouleriana -100 -99 — — +2000 +99 +200Spiraea betulifolia -84 -42 -61 -4 -74 -29
Vaccinium membranaceum —99 -96 -99 -99 -99 -95
Total vegetal cover -92 -81 -67 -65 -72 -50
Trace values were arbitrarily considered as a 99»0 percent loss or
gain,
CTi
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The total vegetal cover also decreased greatly 
after clearcutting, but generally increased with an in­
crease in the time since the last disturbance. However, 
by the seventeenth year following disturbance, the total 
vegetal cover on both the scarified and burned areas was 
still only about 50 percent of that in the adjacent forest 
understory.
Table 12. Percentage Change in Absolute Canopy Coverage 
Values from Understory to Burned Areas of Each Study Site 
for Important Species
Number of Growing Seasons Since 
Last Disturbance
Study Site
T-1 T-3 T-5 T-7 T-17
Calamagrost is rubescens +50 0 + 100 +333 +533Arnica latifolia -72 -65 -94 -20 -90Hieracium aibiflorum -100 -100 +500 + 150 0
Xerophyllum tenax -97 -99 -93 -91 -99Amelanchier alnifolia -100 —98 -100 + 125 -67Linnaea borealis -99 -100 —91 -77 -99Pachistima myrsinites -99 -91 -99 -94 -94Rosa gymnocarpa -99 -87 -80 -99 -87S^alix scouleriana -99 — — +400 +99 +244Spiraea betulifolia —47 -55 +17 “4T 0Vaccinium membranaceum -98 -99 -99 -99 -97
Total vegetal cover -90 -71 -65 -69 -53
Trace values were arbitrarily considered as a 
99-0 percent loss or gain.
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The response after disturbance of the species used 
in these comparisons appeared to be similar for the scari­
fied and the burned areas. However, Calamagrostis rubes— 
cens and Hieracium albiflorum recovered sooner, and 
increased more on the scarified than on the burned area. 
Spiraea betulifolia recovered to a greater extent on the 
burned area.
Chapter 6 
DISCUSSION
The results of this study lead to several conclu­
sions concerning the rate and trends of vegetal develop­
ment through time and space following clearcut logging 
and site treatment. However, the interrelated ecological 
factors responsible for this vegetative change cannot be 
explained by the methods usedo Disturbances involved in 
initiating this vegetal development were logging, site 
preparation by dozer scarification, and the burning of 
rows of heavy slash. These operations removed approxi­
mately 80 to 90 percent of the prelogging understory 
vegetal canopy coverage as well as the coniferous over- 
story.
Clearcut logging subjects an area to increased 
light, heat, and wind ; and removes or disturbs a substan­
tial portion of the soil surface horizons. Thus the 
environmental conditions are drastically changed from 
those which existed prior to logging, and new habitats 
and opportunities for plant growth are created. Revegeta­
tion of logged areas begins during the first growing 
season after disturbance. The rate of vegetal development
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on both the scarified and burned areas appears to be 
about the sajne. Both types of disturbed surfaces 
increased rapidly in absolute vegetative canopy coverage 
between the first and third years after disturbance, 
remained about the same from the third to the seventh 
years, and increased again from the seventh to the 
seventeenth year.
As noted previously, the data collected during 
this study may be interpreted in terms of vegetal change 
over time (from younger to older clearcuts) or space 
(i.e. change relative to the adjacent understory).
Vegetal change over time will be discussed first, fol­
lowed by observations on vegetative changes on the 
clearcuts relative to their adjacent understories.
Though the study sites were chosen for uniformity, minor 
differences within and between sites, growing conditions 
during the first season after disturbance, intensity of 
slash fires, seed source, and chance combine to produce a 
certain amount of uniqueness for each site. Therefore, 
the results of this study, especially those relating to 
vegetal change over time, should not be construed to 
imply that there was a set pattern of vegetal development 
with regard to species composition. However, the broad 
trends of vegetal development appear to be fairly uniform
During the first growing season following clear- 
cutting, the vegetation on areas scarified during logging
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was dominated by species such as Arnica latifolia, Xero­
phyllum tenax, and Spiraea betulifolia. These plants 
represented understory species whose above or underground 
parts survived or escaped destruction. However, invading 
species, especially the Epilobium spp. , were already 
present.
Site preparation results in further, more exten­
sive soil disturbance on the cutover areas. However, by 
the first year following this disturbance the total 
vegetal canopy coverage on the scarified area was greater 
than that present on the year U— 1 site. This was a result 
primarily of the invasion and assumption of dominance by 
Epilobium angust if olium, though the residual understory 
species continued to make up a substantial part of the 
relative vegetal cover. That is, Epilobium did not 
assume dominance at the expense of residual understory 
species, but increased in addition to them. The change 
in species dominance continued on the other study sitess 
Epilobium paniculatum and Cirsium vulgare on the year T-3 
scarified area; Arctostaphylos uva-ursi and Carex concin­
noides on the year T-5 site ; Carex concinnoides and Cala­
magrostis rubescens on the year T-7 site; and Xerophyllum 
tenax and Arctostaphylos uva-ursi on the year T-17 site.
In general, on scarified areas Calamagrostis 
rubescens, Festuca occidentalis, Carex concinnoides, and 
Carex geyeri became more abundant in relative canopy
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coverage with an increase in the time elapsed since 
disturbance up to the seventh growing season. However, 
these plants were substantially less abundant on the 
year T-17 site.
The perennial forbs (Arnica latifolia, Epilobium 
angustifolium, and E. watsonii) made up almost one—half 
of the relative cover during the early years following 
disturbance, but made up approximately 20 percent rela­
tive cover on the year T-3 site, and remained at about 
that level on the older scarified areas.
Annual and biennial forbs (Cirsium vulgare, 
Epilobium pani culatum, and Eilago arvense) were rare 
immediately following disturbance, reached a peak on the 
year T-3 site (making up almost one-half the relative 
cover), and were again rare on the year T-17 cut.
Xerophyllum tenax, representing understory plants 
which survived the disturbance of logging and site 
preparation, comprised a substantial part of the relative 
vegetal cover on the younger cutover areas. It made up 
only a trace on the year T-7 site , but was again important 
on the year T-17 site.
The relative cover of shrubs and low woody plants 
remained somewhat high throughout the different aged 
sites , and they were dominant on the year T-5 and year 
T-17 sites.
Conifer reproduction became more abundant with an
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increase in the age of the cut. (The value for year T— 17 
in Table 9, p. 69> is misleading, since the area had been 
planted to Pinus ponderosa, which was not measured.)
Species which were particularly useful in showing 
relative canopy coverage changes over time on scarified 
areas were: Calamagrostis rubescens, Carex concinnoides,
Carex rossii , Arnica latifolia, Epilobium angustif olium,
E. watsonii, Hieracium albiflorum, Cirsium vulgare, 
Epilobium paniculatum, Gnaphalium viscosum, Xerophyllum 
tenax, Amelanchier alnifolia, Pachistima myrsinites, 
Spiraea betulifolia, and Vaccinium membranaceum.
Slash burning causes additional disturbance on 
clearcuts. Surface soil horizons from the scarified areas 
are piled with the slash, and vegetation and soil organic 
matter are damaged or destroyed. The physical structure 
and nutrient budget of the soil are altered. Also, par­
tially burned tree trunks and large limbs and varying 
amounts of ash are left on the burned areas. Again, 
environmental conditions for plant growth are changed.
Contrary to the conditions on scarified areas, 
residual understory species did not make up a substantial 
part of the burned area canopy coverage during the first 
growing season after disturbance. It appears that slash 
burning may be more destructive to the prelogging under­
story vegetation than is the physical disturbance of 
mechanical scarification. The dominant species on the
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burned areas were : Geranium bicknellii and Epilobium
angust if olium on the year T-1 site, Cirsium vulgare and 
Epilobium paniculatum on the year T-3 site, Epilobium 
angustifolium and Spiraea betulifolia on the year T-5 
site, Epilobium angustifolium and Arctostaphylos uva-ursi 
on the year T-7 site , and Fragaria virginiana and 
F» vesca on the year T-17 site «
In general, Calamagrostis rubescens and Festuca 
occidentalis were more abundant in relative canopy cover­
age on the older burned areas than on the young ones & The 
grasslike plants did not show a pattern.
The perennial forbs (Arnica latifolia, Cirsium 
arvense, and Epilobium angust if olium) made up approxi­
mately one-fifth of the relative cover on the year T-1 
and year T-3 sites. However, they (the above species 
plus Fragaria vesca, F. virginiana, and Hieraciium albi­
florum ) made up over 40 percent relative cover on the 
year T-5 burned area and remained at about this level on 
the older areas.
The annual and biennial forbs (Cirsium vulgare, 
Epilobium paniculatum, Filago arvense, Geranium bick­
nellii , and Moldivica parviflora) accounted for one- 
third of the relative cover on the year T-1 site, over 
50 percent on the year T-3 site, and ranged from only 
3.8 percent to 9.8 percent on the older burned areas.
Xerophyllum tenax became less important in relative
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cover from the youngest burned area to the older sites.
It was present in only trace amounts on the year T-3 
site, probably a result of the severity of the distur­
bance on this site.
Shrubs and low woody plants became more abundant 
in relative cover from the youngest to oldest burned 
areas•
Shrub-sized coniferous trees occurred on only two 
of the five burned study areas. No pattern was noted in 
their occurrence.
In terms of absolute canopy coverage, the impor­
tant understory species Xerophyllum tenax, Pachistima 
myrsinites * and Vaccinium membranac eum decreased 90 per­
cent or more from understory to burned areas on all study 
sites. This indicates that burning disturbance was about 
the same on all study sites, and that these species did 
not recover over the 17-year period covered by the study. 
Similar results were noted for the scarified areas, 
except that Xerophyllum tenax appeared to recover some­
what on the year T-17 site.
Particularly useful in showing relative canopy 
coverage changes over time on burned areas were the 
species: Calamagrost is rubescens, Carex concinnoides, 
Arnica latifolia, Cirsium arvense, Epilobium angusti- 
folium, Fragaria virginiana, Cirsium vulgare , Epilobium 
paniculatum, Xerophyllum tenax, Arctostaphylos uva-ursi,
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Pachistima myrsinites, Salix scouleriana, Spiraea betuli- 
folia, and Vaccinium membranaceum.
Change in species dominance with time on scarified 
and burned areas is probably a reflection of the ability 
of a species to invade and establish itself relative to 
other plants on the site during the early years after 
disturbance. The clearcut areas are then **open,” and 
competition would not be important. However, on older 
clearcuts where the vegetation is established, inter­
specific competition is no doubt important in determining 
dominance. The dominance of the year T-1 and year T-3 
sites, both scarified and burned, largely by species with 
windblown seed, agrees with the findings of Isaac (1943)*
In terms of relative percent vegetal cover, the 
change in dominance of plant groups with an increase in 
age did vary between the scarified and burned areas. On 
scarified areas, perennial forbs were dominant on the 
year U— 1 and year T-1 sites, annual and biennial forbs on 
the year T-3 site , shrubs and low woody plants on the 
year T-5 site, grasses and grasslike plants on the year 
T-7 site , and again shrubs and low woody plants on the 
year T-17 site. On burned areas, however, annual and 
biennial forbs dominated the year T-1 and year T-3 sites, 
while the perennial forbs were dominant on the older 
burned areas.
Other differences in the relative vegetal coverage
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of plant groups between scarified and burned areas were 
noted. Grasslike plants, principally Carex concinnoides, 
but also Carex geyeri and Carex rossii, were from four 
to six times as abundant on the scarified as on the 
burned areas. Coniferous trees (shrub-sized) were also 
generally more abundant on the scarified areas. This 
agrees with the findings of Vogl and Ryder (1989) on 
conifer reproduction on piled and burned clearcuts.
As noted previously, when comparing understory, 
scarified, and burned areas for each site, some species 
appeared to be closely associated with either the burned 
or scarified area. This relationship is not so evident 
when considering all the sites together, except for the 
grasslike species pointed out above. Generally, however, 
Hieracium albiflorum seemed to be primarily associated 
with scarified areas. Epilobium angustifolium, though 
relatively more abundant on the scarified area than the 
burned area at the year T— 1 site , was mostly associated 
with burned areas (especially on the year T-5 and year 
T-7 sites). Geranium bicknellii and Moldivica parviflora 
were primarily associated with the year T-1 (youngest) 
burned area.
Apparently, the vegetal variations between the 
burned and the scarified areas were caused by the environ­
mental differences between these areas, and different 
adaptations of the various species involved.
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Though most species found within the adjacent 
forest understories were also found on the cutover areas, 
some species appear to be eliminated entirely by clear- 
cutting. Important species which occurred in all or most 
understory areas, but which were absent or very rare on 
the cut over areas were: Goodyera oblongif olia, Pyrola
secunda, Melampyrum lineare, and Chimaphila umbellata.
These plants were lost for a 17-year period after distur­
bance •
Other species, though apparently not able to com­
pete under a forest canopy, invade and grow readily on 
clearcuts. More species were gained by clearcutting than 
were lost. Important species found on the scarified or 
burned areas, but absent or very rare in the adjacent 
forest understories were: Deschampsia elongata, Carex
rossii , Cirsium arvense, Epilobium angustifolium ,
Epilobium watsonii, Cirsium vulgare, Conyza canadensis, 
Epilobium paniculatum, Filago arvense, Geranium bicknellii, 
Gnaphalium viscosum, and Populus trichocarpa.
The number of species varied with age of the site, 
as well as between understory, scarified, and burned areas. 
The greatest number of species on clearcuts was found on 
the year T-17 site, on both the scarified and burned areas. 
The scarified areas had a greater number of species than 
the burned areas at all sites (ages). Also, except for 
the year T-1 and year T-3 burned areas, all logged over
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areas had a greater number of species than was found in the 
adjacent understoryo
The results of this study, with regard to the trends 
of vegetal development following clearcutting, generally 
agree with the findings of other such studies (Isaac, 1943; 
Garrison and Rummell, 1951; Morris, 1958; Garrison, 1960; 
Dyrness, 1985b; Vogl and Ryder, 1989)* However, the rate 
of vegetal recovery on scarified, piled, and burned clear­
cuts is very slow. Other studies (Isaac, 1943 ; Garrison, 
I960; Reynolds, 1982; Stelfox, 1982; Steen, 1985), though 
conducted on broadcast burned or nonburned clearcuts, 
found that vegetal cover on cutover areas equaled or ex­
ceeded that of the adjacent forest understory within three 
to seven years after logging. In this study the vegetal 
cover on both the scarified and burned areas 18 years 
after logging was only about 50 percent of that in the 
adjacent forest understory. It should be noted, however, 
that most other studies (Powells and Schubert, 1951 ; 
Garrison and Rummell, 1951; Garrison, 1980; Reynolds, 1982; 
Dyrness, 1985a) indicate that prelogging understory vege­
tation is not destroyed on broadcast burned or nonburned 
clearcuts to the extent (80-90 percent) that it was on the 
scarified and burned clearcuts of this study. Yet the 
removal of the vegetation itself does not appear to be the 
sole cause of the slow recovery. In addition, it is 
probably caused by the severity of the disturbance caused
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by dozer scarification and the burning of slash in piles. 
Scarification removes most or all of the organic layers 
and bares the mineral soil. Pile burning concentrates 
the fire in a smaller area, resulting in higher tempera­
tures and more severe soil disturbance than is generally 
the case with broadcast burning. These processes appear 
to actually bring about edaphic changes on the site.
Thus, the rate of vegetal development on these clearcuts 
is generally very slow, primarily because of the tremen­
dous soil disturbance caused by logging and site prepara­
tion.
The desirability or lack of desirability of this 
degree of soil disturbance depends on one's point of view. 
The method is often favored because it is safer than 
broadcast burning, and because mineral soil is a desirable 
seedbed for conifers, especially Larix occidentalis. In 
fact, though it did not occur on the clearcuts used for 
this study, such scarified and burned areas often produce 
"doghair" stands of Pinus contorta or Larix occidentalis 
which must be thinned by hand. These areas may also be 
desirable as wildlife habitat. On clearcuts where conifer 
reproduction is not excessive, such as those used in this 
study, a disclimax condition is produced which may provide 
wildlife food for a long time. The increase of Salix 
scouleriana on both the scarified and the burned areas on 
the older sites appears to hold the greatest promise for
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increased big game browse.
In other ways, scarification and slash pile burning 
may not be desirable. These areas are unattractive to 
many people , especially during the early years after log­
ging. Severe disturbance, such as on these study sites, 
prolongs the unattractive period.
In order to gain a better understanding of trends 
of successional change on scarified, piled, and burned 
clearcuts, other studies should be conducted using perma­
nent plots to study species composition and cover from 
year to year on several cutover areas. Also, studies 
should be conducted to compare vegetal development of 
scarified and burned clearcuts with broadcast burned 
clearcuts. These studies should include observations on 
the degree of stocking, comparisons on the rate of tree 
growth between both types of clearcuts, and should include 
a cost analysis for proper stocking which includes the 
cost of thinning overstocked stands.
The study and understanding of vegetal succession 
on clearcuts is necessary in order to design methods for 
modification of these trends if need be. Successful 
management depends on the ability to predict and control 
natural trends of vegetal development.
Chapter 7 
SUMMARY
Vegetative canopy coverages of six different clear­
cuts and their adjacent forest understories were measured 
by species during the summer of 1969* The study area was 
located near Seeley Lake in western Montana. Study clear­
cuts varied in age, but were as alike as possible with 
regard to other characteristics. All study sites were 
within the Abies lasiocarpa-Pachistima myrsinites associ­
ation (Daubenmire and Daubenmire, 1968).
The canopy coverage values for understory, scari­
fied, and burned areas for each study site were estimated, 
and later converted to relative percent canopy coverages.
A soil profile was described, and site index values were 
calculated for each study site.
The processes of clearcut logging, scarification, 
and burning of slash piles remove approximately 80 to 90 
percent of the prelogging understory vegetal canopy 
coverage.
Rate of vegetal development on the clearcuts was 
slow, and it was approximately equal in terms of total 
plant cover for both the scarified and burned areas.
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Seventeen years after the last disturbance the vegetative 
canopy cover on both areas was only about 50 percent of 
that in the adjacent forest understory. Canopy coverage 
increased rapidly on the scarified and the burned areas 
between the first and third year following disturbance, 
appeared to remain about the same from the third to the 
seventh year, and increased again between the seventh and 
seventeenth years.
On scarified areas, understory species such as 
Arnica latifolia, Xerophyllum tenax, and Spiraea betuli- 
folia which escaped destruction during logging were domi­
nant through the first growing season following clear- 
cutting. After site preparation (year T-1 site),
Epilobium angustifolium was the dominant species, though 
the residual understory species continued to make up a 
substantial part of the vegetal cover. Dominant species 
on the other scarified areas were; Epilobium paniculatum 
and Cirsium vulgare on the year T-3 site , Arctostaphylos 
uva-ursi and Carex concinnoides on the year T-5 site,
Carex concinnoides and Calamagrostis rubescens on the 
year T-7 site , and Xerophyllum tenax and Arctostaphylos 
uva-ursi on the year T-17 site.
Dominant species on the burned areas were:
Geranium bicknellii and Epilobium angustifolium on the 
year T-1 site (the year U-1 site was unburned), Cirsium 
vulgare and Epilobium paniculatum on the year T-3 site,
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Epilobiiitn angustif olium and Spiraea betulif olia on the 
year T— 5 site , Epilobium angust if olium and Arct ost aphylos 
uva-ursi on the year T-7 site , and Fragaria virginiana 
and F. vesca on the year T-17 site.
In terms of relative vegetative cover, dominance of 
plant groups varied between the scarified and burned areas. 
On scarified areas, perennial forbs were dominant on the 
year U-1 and year T-1 sites , annual and biennial forbs on 
the year T-3 site, shrubs and low woody plants on the 
year T—5 site, grasses and grasslike plants on the year 
T-7 site , and shrubs and low woody plants again on the 
year T-17 site. On the burned areas, however, annual and 
biennial forbs dominated the year T-1 and year T-3 sites, 
while the perennial forbs were dominant on the older 
burned areas. Also, grasslike plants (Carex concinnoides. 
Ĉ . geyeri „ and rossii ), shrub-sized coniferous trees,
and Hieracium albiflorum were primarily associated with 
scarified areas. Epilobium angust if olium , G-eranium bick­
nellii , and Moldivica parviflora were more closely associ­
ated with burned areas.
Various species were lost or gained following clear- 
cutting. Important species which occurred in all or most 
understories, but which were absent or very rare on the 
cutover areas were : Goodyera oblongifolia, Pyrola secunda,
Melampyrum lineare, and Chimaphila umbellata. Important 
species on scarified or burned areas that were absent or
95
very rare in the adjacent forest understories were: 
Deschampsia elongata, Carex rossii, Cirsium arvense, 
Epilobium angustifolium, Epilobium watsonii, Cirsium 
vulgare, Conyza canadensis, Epilobium paniculatum,
Filago arvense, Geranium bicknellii, Gnaphalium viscosum, 
and Populus trichocarpa. With regard to plant groups, 
grasses, grasslike plants, perennial forbs, annual and 
biennial forbs, and shrub-sized conifers generally became 
more abundant in terms of vegetal cover on the clearcuts 
than in the adjacent forest understories. Xerophyllum 
tenax, Vaccinium membranaceum, and most other shrubs and 
low woody plants became much less abundant on the clear- 
cuts than in the understories and tended to remain so for 
17 years following last disturbance. Xerophyllum tenax 
did show some tendency to recover on scarified areas.
The number of species varied with the age of the 
site, as well as between understory, scarified, and burned 
areas. The greatest number of species on clearcuts was 
found on the year T-'l7 site, on both scarified and burned 
areas. The scarified areas had a greater number of 
species than the burned areas at all sites (ages). Also, 
except for the year T-1 and year T-3 burned areas, all 
cutover areas had a greater number of species than was 
found in the adjacent forest understory.
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SCIENTIFIC AND COMMON NAMES^ OP THE PLANTS 
OBSERVED ON ALL STUDY SITES
SCIENTIFIC NAME
GRASSES
Agrostis alba
Agrostis exarata Trin.
Agrostis scabra Willd.
Alopecurus aequalis Sobol.
Bromus vulgaris (Hook.) Shear
Calamagrostis canadensis 
(klchx.; Beauv.
Calamagrostis rubescens Buckl.
Dactylis glomerata L.
Deschampsia caespitosa (L.) Beauv.
Deschampsia elongata (Hook.) Munro
Elymus glaucus Buckl.
Festuca ocoidentalis Hook.
Hordeum jubatum L.
Melica subulata
(Griseb. J^cribn.
Phieurn pratense L.
Poa compressa L.
Poa pratensis L.
Trisetum canescens Buckl.
COMMON NAME
Redtop
Spike bentgrass 
Winter bentgrass 
Shortawn foxtail 
Columbia brome 
Blue j oint reedgrass
Pinegrass 
0 rchardgras s 
Tufted hairgrass 
Slender hairgrass 
Blue wildrye 
Western fescue 
Foxtail barley 
Alaska oniongrass
Timothy
Canada bluegrass 
Kentucky bluegrass 
Tall trisetum
-1Scientific names are according to Hitchcock et al 
(1955-1969), with the exception of Epilobium paniculatum, 
which is according to Moss (1959). Common names are 
according to Garrison et al. (1967)*
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SCIENTIFIC NAME 
GRASSLIKE
Carex concinnoides Mack.
Carex geyeri Boott 
Carex rossii Boott 
Juncus ~bufonius L.
Jimcus ensifolius Wikst.
Luzula parviflora (Ehrh.) Desv
PERENNIAL FORBS
Achillea millefolium L.
Actaea rubra (Ait.) Willd.
Adenocaulon bicolor Hook.
Agoseris glauca (Pursh) Raf.
Anaphalis margaritacea (L.) 
Benth. & Hook.
Antennaria racemosa Hook.
Antennaria rosea Greene
Arnica latifolia Bong.
Artemisia absinthium L.
Aster conspicuus Lindl.
Aster laevis L.
Aster ocoidentalis (Nutt.)
Astragalus canadensis L.
Campanula rotundifolia L.
Cirsium arvense (L.) Scop.
Clintonia uniflora (Schult.) 
Kunth
Disporum trachycarpum (Wats.) 
Benth. & Hook.
Epilobium angustifolium L.
COMMON NAME
Northwestern sedge 
Elk sedge 
Ross sedge 
Toad rush 
Swordleaf rush 
Millet woodrush
Yarrow
Western baneberry 
Adenocaulon 
Pale agoseris 
Pearly everlasting
Raceme pussytoes 
Rose pussytoes 
Broadleaf arnica 
Common sagewort 
Showy aster 
Smooth aster 
Western aster
Canada milkvetch 
American bellflower 
Canada thistle 
Queencup beadily
Wartberry fairybell
Fireweed
Plants of this species found on the study sites 
possessed some of the characteristics of A. cordifolia, and 
may be hybrids of A. latifolia and A. cordifolia.
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SCIENTIFIC NAME
Epilobium watsonii Barbey
Equisetum arvense L.
Erigeron speciosus (Lindl•) DC
Fragaria vesca L«
Fragaria virginiana Duchesne
Galium boreale Lo
Galium triflorum Michx.
Geum macrophyllum Willd-
Goodyera oblongifolia Raf-
Habenaria orbiculata (Pursh) 
Torr -
Hieracium albiflorum Hook-
Hieracium cynoglossoides 
Ærvo-ïouv-
Hieracium umbellatum L-
Iliamna rivularis (Dougl-) 
d-reene
Lupinus laxiflorus Dougl- 
Osmorhiza chilensis H- & A- 
Pedicularis racemosa Dougl- 
Penstemon procerus Dougl- 
Penstemon wilcoxii Rydb- 
Prunella vulgaris Lo 
Pteridium aquilinum (L-) Kuhn 
Rumex crispus L- 
Senecio triangularis Hook- 
Smilacina stellata (L-) Desf- 
Solidago canadensis L- 
Taraxacum officinale Weber 
Thalictrum occidentale Gray 
Tiarella unifoliata Hook- 
Trillium ovatum Pursh 
Urtica doica L- 
Viola adunca 8m.
COMMON NAME
Watson willowweed
Field horsetail
Showy fleabane
Woodland strawberry
Virginian strawberry
Northern bedstraw
Sweetscented bedstraw
Largeleaf avens
Rattlesnake plantain
Large round-leaved 
orchid
White hawkweed
Hound81ongue hawkweed
Narrowleaf hawkweed 
Stream globemallow
Spur lupine 
Mountain sweetroot 
Sickletop pedicularis 
Tinybloom penstemon 
Wilcox penstemon 
Common seIfheal 
Brackenfern 
Curly dock 
Arrowleaf groundsel 
Starry solomonplume 
Canada goldenrod 
Common dandelion 
Western meadowrue 
Coolwart foamflower 
White trillium 
Stinging nettle 
Hook violet
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SCIENTIFIC NAME 
Viola orbiculata Geyer
Xerophyllum tenax (Pursh) Nutt
COMMON NAME
Western round—leaved 
violet
Common beargrass
ANNUAL AND BIENNIAL FORBS
C arduus nut ans L® 
Centaurea maculosa Lam, 
Cirsium vulgare (Savi)
Airy-Shaw 
Conyza canadensis (L-) Cronq 
Epilobium paniculatum Nutt. 
Erigeron divergens T» & G. 
Erigeron strigosus Muhl® 
Filago arvense Lo 
Gentiana amarella L,
Geranium bicknellii Britt « 
Gnaphalium viscosum HoB.K. 
Lactuca serriola L.
Madia glomerata Hook» 
Melampyrum lineare Desro 
Melilotus alba Desro 
Melilotus officinalis Alio 
Moldivica parviflora (Nutt «)
Spergularia rubra (L.)
T: i s: Presl ""
Tragopogon dubius Scop
Musk thistle 
Spotted knapweed 
Bull thistle
Horseweed 
Autumn willowweed 
Spreading fleabane
Field fluffweed 
Northern gentian 
Bicknell geranium 
Sticky cudweed 
Prickly lettuce 
Cluster tarweed 
Narrowleaf cowwheat 
White sweetclover 
Yellow sweetclover 
Dragonhead
Red sandspurry
Yellow salsify
SHRUBS AND LOW WOODY PLANTS
Acer
Alnus sinuata (Regel) Rydb
Amelanchier alnifolia Nutt
Arctostaphylos uva-ursi 
ILo; Sprengo
Artemisia ludoviciana Nutt
Rocky mountain maple 
Sitka alder
Saskatoon serviceberry 
Bearberry
Louisiana sagebrush
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SCIENTIFIC NAME
Berberis repens LincLl.
Betula papyrifera Marsh.
Ceanothus velutinus Dougl.
Chimaphila umbellata (L.) Bart.
Cornus canadensis L.
Cornus stolonifera Michx.
Hoiodisous discolor (Pursh) 
Maxim.
Juniperus communis L.
Pinnaea borealis P.
Ponicera ciliosa (Pursh) DC.
Ponicera utahensis Wats.
Menziesia ferruginea Smith
Pachistima myrsinites (Pursh) 
"Raf:----------------------
Populus tremuloides Michx.
Populus trichocarpa T. & G.
Pyrola asarifolia Michx.
Pyrola secunda P.
Pyrola virens Schweigg.
Ribes lacustre (Pers.) Poir.
Ribes viscosissimum Pursh
Rosa gymnocarpa Nutt.
Rubus idaeus P.
Rubus parviflorus Nutt.
Salix exigua Nutt.
Salix scouleriana Barratt
8ambucus racemosa var.
me1anocarpa (Gray) McMinn
Shepherdia canadensis (P.)
Nutt '
Spiraea betulifolia Pall.
Symphoricarpos albus (P.)
B la k e-------------
COMMON NAME
Creeping hollygrape
Paper birch
Snowbrush
Common pipsissewa
Bunchberry dogwood
Red-osier dogwood
Oceanspray
Common juniper 
Twinflower 
Trumpet honeysuckle 
Utah honeysuckle 
Rustyleaf 
Pachistima
Quaking aspen 
Black cottonwood 
Alpine pyrola 
Sidebells pyrola 
Green pyrola 
Prickly currant 
Sticky currant 
Baldhip rose 
Red raspberry 
Thimbléberry 
Coyote willow 
Scouler willow 
Black elderberry
Russet buffaloberry
White spiraea 
Common snowberry
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SCIENTIFIC NAME
Taxus brevifolia Nutt• 
Vaccinium caespitosum Michx. 
Vaccinium membranaceum Dougl 
Vaccinium scoparium Lieberg
CONIFEROUS TREES 
(SHRUB-SIZED)
Abies lasiocarpa (Hook.)
Nutt.
Larix ocoidentalis Nutt.
Picea engeImannii Parry
Pinus contorta Dougl.
Pseudotsuga menziesii 
(MirbelJ Franco
COMMON NAME
pacific yew 
Dwarf huckleberry 
Big huckleberry 
Grouse huckleberry
Subalpine fir
Western larch 
Engelmann spruce 
Lodgepole pine 
Douglas-fir
APPENDIX B
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Table 13« The Relative and Absolute Percent Canopy 
Coverage Values of Important Plant Species and Groups of 
Minor Species for the Understory and Scarified Areas on 
the Year U-1 Study Site
Understory Scarified
R A R A
Grasses
Calamagrostis rubescens 0.2 0. 1 T T N.A.
Other grasses T T
Sub—total 0.2? 0. f T T
Grasslike Plants
Carex concinnoides T T 1.8 0.1 N.A.
Carex geyeri 0.2 0.1 — —
Carex rossTi — — T T
Other grassiike plants — — — —
Sub-total 0. 1 1.8 0. 1
Perennial Porbs
Arnica latifolia 6.5 4.2 34.7 1.8 N.A.Aster conspicuus 0.5 0.3 1.8 0.1Clintonia uniflora 0.3 0.2 T TEpilobium angustifolium 
Epilobium watsonii
T T 1.8 0.1
— _ T TGoodyera oblon^folia 0.3 0.2 — —Senecio triangularis — — 1.8 0.1Smilacina stellata — — 1.8 0.1
Thalictrum occidentale 0.6 0.4 5.5 0.3ofher perennial forbs 0.6 0.3 T T
Sub-total ■ ■ ¥.¥" " 3.6" 4T.'4' ■ ■ ■
Annual and Biennial Porbs 
Epilobium paniculatum 
Gnaphalium viscosum
— T
T
T N.A. 
T
R = Relative percent cover
A = Absolute percent cover
T = Trace
Table 13— Continued
1 12
Understory Scarified
R A R A
Other annual and, 
biennial forbs - — — —
Sub-total — — T T
Xerophyllum tenax 
(sub-total) 25.3 16.3 20.0 1 .1
N.A.
Shrubs and Low Woody Plants 
Acer glabrum 1.2 0.8 3.6 0.2
N.A,
Amelanchier alnifolia 0.6 0.4 T TBerberis repens 1.2 0.8 T Tchimaphila umbellata 1.6 1.0 T TLonicera utahensis 0.3 0.2 T TPachistima myrsinites 13.8 8.9 1.8 0.1Pyrola secunda 0.2 0.1 — —
Ribes lacustre — 1.8 0.1
Rubus parviflorus 0.2 0.1 5.5 0.3Salix scouleriana 0.6 0.4Spiraea befulifolia 6.8 4.4 12.7 0.7Symphoricarpos albus 0.8 0.5 T TTaxus brevifolia 0.2 0.1 — —
Vaccinium membranaceum 35.7 23.1 3.6 0.2Other shrubs and low 
woody plants 2.0 1.3 1.8 0.1
Sub-total 65.2 42.1 30.8 1 .7
Coniferous Trees 
(shrub-sized) 
Abies lasiocarpa 0.3 0.2
N.A.
Other conifers
Sub-t otal 0.3 0,2 — —
Grand total 100.0 64.4 100.0 5.4
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Table 14» The Relative and Absolute Percent Canopy 
Coverage Values of Important Plant Species and Groups of 
Minor Species for the Understory, Scarified, and Burned 
Areas on the Year T-1 Study Site
Understory Scarified Burned
R A R A R
Grasses
Calamagrost]_s rubescens 
Other grasses 0.3T
0.2
T 7.9T 0.9T
5.0 0.3
Sub—total 0.3 0.2 - 7 /J- ' a.9 5.0 Oo3
Grasslike Plants
Carex concinnoides 0.3 0.2 6.1 0.7 3.3 0.2Carex rossii — 5.3 0.6 T TOther grasslike plants T T 0.9 0.1 T T
^ub—total 0.3 0.2 12.3 1.4 3-1 0.2
Perennial Porbs
Arnica latifolia 1.9 1.1 4.4 0.5 5.0 0.3Cirsium arvense — — T T — _
ËpiTobium angustifolium — — 30.6 3.4 16.7 1 .0Epilobium watsonii — — 7.9 0.9 — —Goodyera oblongifolia 0.3 0.2 — —Lupinus laxiflorus 0.2 0.1 — —
Thalictrum occidentale T T _ _ __Other perennial forbs 0.6 0.3 1.8 0.2 T T
Sub-t otal 3.0 1 .Y 44.7 ^.0 21.7' -1.3
Annual and Biennial Porbs
Epilobium paniculatum — — 0.9 0.1 — —Geranium bicknellii — , — 2.6 0.3 26.6 1.5Gnaphalium viscosum — — T T T T
Melampyrum lineare T T
R = Relative percent cover 
A = Absolute percent cover 
T = Trace
Table 14— Continued
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Understory Scarifled Burne d
R A R A R A
Other annual and 
biennial forbs —  — T T 6.7 0.4
Sub—t otal T T 3.5 0.4 33.3 1.9"
Xerophyllum tenax 
(sub-total) 35.8 21.0 11.4 1.3 11.7 0.7
T
T
T
T
16.7
8-3
T
25.0
T
T
T
Shrubs and Low Woody 
Plants
Arctostaphylos uva-ursi 1.4 0.8 T T
Be rbe ris re pëns 0.5 0.3 - -
ChxmapKxla umbellata 2.0 1.2 -  -
Llnnaea borealis 4.6 2.7 0.9  0.1
PachisTima myrsinites 7.2  4.2 0.9  0.1
pyrola secunda 0.2 0.1 -  -
ëosa gymnocarpa 1.2 0.7 T T
^piraea betulifolia 3.2 1.9 9-6 1.1
SymphoYicarpos alTôûs — - T T
Vaccinium caespitosum 1.5 0.9 - —
Vaccinium membranaceum 37.1 21.7 7.9 0.9Other shrulEs and low 
woody plants 1.5 0.9  0.9  0.1
Sub-total 60.4
T 
1 .0
0.5
T
T75-35.4 20.2 2.3
Coniferous Trees 
( s hrub- s ize 51XbTes 
Other
lasiocarpa
conifers
0.2
T
0.1
T
Sub—t otal TTTT (J7T
Grand total 100.0 58.6 100.0 11.3 100.0 5.9
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Table 15. The Relative and Absolute Percent Canopy 
Coverage Values of Important Plant Species and Groups of 
Minor Species for the Understory, Scarified, and Burned 
Areas on the Year T-3 Study Site
Understory Scarified Burned
R A R A R A
Grasses
dalamagrostis rubescens 
Deschampsia elongata 
Festuca occidentalis 
Other grasses
0.1
0.1
T
0.1
0.1
T
0.8 
1 .6 
0.8 
T
0.2
0.40.2
T
0.5T
0.5T
0.1
T
0.1
T
Sub—total Ü.Z Ü.Z 3 . ^ O.b 1 .0 0.2
Grasslike Plants
Carex rossii — — 1 .6 0.4 — —Other grasslike plants 0.2 0.2 0.4 0.1 T T
Sub^total “072 Ü.2 2.0 <T.5 T T
Perennial Porbs
Astragalus canadensis — 0.8 0.2 0.9 0.2Cirsium arvense "W* — 10.8 2.7 8.2 1 .8ü^lintonia uniflora 0.7 0.5 T T T TÈpilobium angustifolium — — 1.2 0.3 1.8 0.4Epilobium watsonii — — 2.4 0.6 2.7 0.6fragaria vesca 0.1 0.1 3-2 0.8 0.9 0.2(ioodyera oblongif olia 0.1 0.1 — — — —
Hieracium alhiflorum T T 0.4 0.1 — _Viola orbiculata 0.1 0.1 _ _ — —
Other perennial forbs 3.6 2.7 4.4 1 .1 4.6 1 .0
Sub-total 4.6 3.5 23.2 5.6 19.1 11.2
Annual and Biennial Porbs
Cirsium vulgare — — 18.3 4.6 37.4 8.2Conyza canadensis — — T T 0.5 0.1
Epilobium paniculatum — — 22.9 5.4 10.9 2.4
Pilago arvense — — 5.6 1.4 4.5 1 .0
R = Relative perpent cover 
A = Absolute percent cover 
T = Trace
Table 15— Continued
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Understory Scarified Burned
R A R A R A
Gnaphalium viscosum 0.4 0.1 T TLactuca serriola — — 0.4 0.1 0.5 0.1Other annual an^
biennial forbs — — T T T T
Sui)-1 ot al — — 4? • 6 n  .b 53'W ir.'8"
Xerophyllum tenax
(sub-total) 23.6 17.6 0.8 0.2 T T
Shrubs and Low Woody -
Plants
Acer glabrum 12.9 9.6 4.0 1 .0 5.9 1.3Ænelanc'iïiër alnif olia 3.2 2.4 0.4 0.1 0.5 0.1Arctostaphylos uva-ursi 0.4 0.3 _ _Chimaphila umbellata 1.1 0.8 — — — —
Linnaea borealis 2.1 1.6 _ _ __
Lonicera utahensis 0.4 0.3 — — — —ïachistima myrsinites 1.5 1.1 0,4 Go 1 0.5 0.1Pyrola secunda 0.1 0.1 — — — —
Ribes viscosissimum — — 2.4 0.6 1.8 0.4Rosa gymnocarpa 5.1 3.8 1.6 0.4 2.3 0.5Rubus parviflorus — — 2.0 0.5 1.4 0.3Spiraea betulifolia 5.1 3.6 6.0 1.5 7.7 1o7Symphoricarpos albus 0.8 0.6 2.4 0.6 2.3 0.5Taxus brevifolia 16.1 12.0 — ' —
Vaccinium membranaceum 19.0 14.0 T T T T
other shrubs and low
woody plants 3.3 2.5 4.0 1.0 3.7 0.8
Sub-total 71.1 52.9 23.2 5.8 Ë6. 1 5.7
Coniferous Trees '
[shrub-sized)
Abies^asiocarpa 0.3 0.2 — — — —Other conifers T T T T
Sub-total 0.3 T T T T
Grand total 100.0 74.6 100.0 24.7 100.0 21 . 9
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Table 16. The Relative and Absolute Percent Canopy 
Coverage Values of Important Plant Species and Groups of 
Minor Species for the Understory, Scarified, and Burned 
Areas on the Year T-5 Study Site
Understory Scarified Burned
R A R A R A
Grasses
Calamagrostis rubescens 0.9 0.5 6.8 1.3 5.2 1 .0Deschampsia elongata — — T T — —
Festuca occidentalis NS NS 2.6 0.5 1 .0 0.2Other grasses — — 0.5 0.1 T T
Sub-total 0.9 0.5 9.9 1.9 b.2 1 .2
Grasslike Plants
Carex concinnoides 0.4 0.2 15.6 3.0 3.6 0.7
Carex rossii — — 0.5 0.1 T TOther grassïike plants T T NS NS T T
Sub-total 0.4 0.2 lb. 1 3.1 3.b 0.7
Perennial Forbs
Arnica latifolia 3.2 1.8 1 .0 0.2 0.5 0.1Astragalus canadensis — — — T T
Cirsium arvense _ _ T T 1.6 0.3Epilobium an^st if olium 
Epilobium watsonii
— _ 3.1 0.6 ' 38.5 7.4
— — 0.5 0.1 T Tkragarla virginiana T T 2.6 0.5 T TGoodyera oblongifolia T T — —hieracium albiflorum 0.4 0.2 10.4 2.0 6.2 1.2Viola orbiculata 0.2 0.1 _ _ _ —Other perennial forbs 0.2 0.1 0.5 0.1 T T
Sub-total 4.0 2.2 ' lb. 1 3.5 4b.b 9.0
Annual and Biennial Forbs
Cirsium vulgare — — T T 4.7 0.9Conyza canadensis T T T T
R = Relative percent cover 
A = Absolute percent cover 
T = Trace 
NS = Not sampled
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Table 16—-Continued
Understory Scarified Burne d
R A R A R A
Epilobium paniculatum T T 0.5 0.1ÿilago arvense — — 1 .0 0.2 0.5 0.1Géranium biclcnellii — — T T T T
GnapHaiium viscosum — — 4.2 0.8 4.1 0.8
Lactuca serrdToia — — — — T T
Melampyrum lineare 0.7 0.4 — — — —Other annual and
biennial forbs — — T T T T
Sub—total 0.7 0.4 b.2 ■ "T.O y.b 1 .s
Xerophyllum tenax
^sub-total) 32.8 18.2 3.1 0.6 6.7 1.3
Shrubs and Low Woody 
Plants
Arciost aphylos uva—ursi 3.2 1.8 17.1 3.4 4.1 0.8ühimaphila umbellata 0.9 0.5 — —tinnaea borealis 10.1 5.6 2.1 0.4 2.6 0.5Pachistima myrsinites 4.7 2.6 1.0 0.2 T TPopulus trichocarpa — 1.0 0.2 — —ïyrola secunda NS NS — — — —Salix scouleriana 0.2 0.1 10.9 2.1 2.6 0.5Spiraea betulifolia 4.1 2.3 11.5 2.2 14.0 2.7Vaccinium caespitosum 16.0 8.9 0.5 0.1 1.6 0.3Vaccinium membranaceum 16.0 8.7 0.5 0.1 T TVaccinium scoparium 3.6 2.0 0.5 0.1 0.5 0.1Other shrubs and'"T6w
woody plants 1.6 0.8 1.5 0.3 1.5 0.3
Sub—total bO. 3 53.4 46.S 2b. 9 5.^
Coniferous Trees 
Xshrub-sized)
Abies lasiocarpa 0.7 0.4 T T — —Other conifers 0.2 0.1 1.0 0.2 — —
Sub—t otal 0.9 O.T — Tl'O" O.T — —
Grand total 100.0 55.4 100.0 19.4 100.0 19.3
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Table 17» The Relative and Absolute Percent Canopy 
Coverage Values of Important Plant Species and Groups of 
Minor Species for the Understory, Scarified, and Burned 
Areas on the Year T-7 Study Site
Understory Scarified Burned
R A R A R A
Grasses
Calamagrostis rubescens 0.5 0.3 16.0 2.7 7.1 1-3Deschampsia e1ongata — — 0.6 0.1 — —
i?'estuca occidentalis NS NS 5.3 0.9 4.9 0.9Other grasses — — T T — —
Sub—“t otal 0.5 0.3 “TT.9 1.7 2.2
Grasslike Plants
Carex concinnoides 0.3 0.2 23.3 3.6 2.2 0.4Carex geyeri 0.3 0.2 1.8 0.3 1 .6 0.3Carex rossii — — 0.6 0. 1OtÏLer grasslike plants — — — — — —
Su^-t ot al 0.6 0.4 ^’5.7 4.0 3.8 ■■ Ü.7
Perennial Porbs
Cirsium arvense _ _ 1.2 0.2 1 .1 0.2kpilobium angustifolium — — 1.8 0.3 29.2 5.1Kpilobium watsonii — — 0.6 0. 1 T TFragaria virginiana T T 7 . 1 1.2 6.0 1 . 1Goodyera oblongifolia 0.5 0.3 _kieracium albiflorum 0.3 0.2 7.1 1.2 2.7 0.5îupinus laxilïorus 1.4 0.8 T T T TOther perennial forbs 0.9 0.5 1 .8 0.3 2.2 0.4
Sub-total 3.1 1 .“8“ Tÿ.6" 3-3 41.2 7.3
Annuals and Biennials
Cirsium vulgare — — 3.0 0.5 1 . 1 0.2Cony2a canadensis — — 1.2 0.2 T T
Epilobium paniculatum — — 0.6 0.1 1 . 1 0.2
R = Relative percent cover 
A = Absolute percent cover 
T = Trace 
NS = Not sampled
Table 17— Continued
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Understory Scarified
R R
Burned
R
Filago arvense 1.8 0.3 T TGeranium bicknellii — — T T — —
Gnaphalium viscosum — — 2.4 0.4 1.1 0.2
Lacxuca serriola — — — — 0.5 0.1
Melampyrum lineare 0.7 0.4 — — — —Other annual and
biennial forbs — — T T T T
Sub-total 0.7 ÇJ.Ü' 1.5 3.Ü 0.Ï
Xerophyllum tenax
(sub-totaï) 25.9 15.1 T T 7.7 1.4
Shrubs and Low Woody
Plants
Amelanchier alnifolia 0.7 0.4 0.6 0.1 4.9 0.9Chimaphila umïellata 2.7 1.6 — __Lonicera utaHensis — _ _ _ T TPachistima myrsinites 2.7 1.6 T T 0.5 0.1Populus frichocarpa _ 0.6 0.1kibes lacustre T TRubus parviflorus — — T TSalix scouleriana T T 1.2 0.2 4.9 0.9Spiraea betulii'olia 3.3 1.9 3.0 0.5 5.5 1.0Vaccinium caespitosum 6.3 3.7 0.6 0.1 1.1 0.2Vaccinium membranaceum 32.3 18.8 T T 0.5 0.1other shrubs and low
woody plants 20.7 12.1 13.6 2.3 13.6 2.5
Ŝ ub—t ot al btS.7 40. 1 1 9.6 3.3 31.0 5.7
Coniferous Trees
(shrub-sized)
Abies lasiocarpa 0.5 0.3 T T — —other conifers T T 4.2 0.7 0.5 0. 1
Sub—t otal 0.5 0.3 4.2 0.7 O'. 5 U7T'
Grand total 100.0 58.4 100.0 16.5 100.0 18.1
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Table 18. The Relative and Absolute Percent Canopy 
Coverage Values of Important Plant Species and Groups of 
Minor Species for the Understory, Scarified, and Burned 
Areas on the Year T-17 Study Site
Understory Scarified Burned
R A R A R A
Grasses
Calamagrostis rubescens 1.0 0.6 10.0 3.0 13.4 3.8Deschampsia elongata — — 0.7 0.2 0.7 0.2Festuca occidentalis T T 0.3 0.1 1.4 0.4Other grasses — — 0.3 0.1 1 .1 0.3
Sub—total 1.0 Ô. 6 n - 3 3.4 16.6 4.7
Grasslike Plants
Carex concinnoides 0.2 0.1 3.0 0.9 0.7 0.2Carex geyeri T T 1.0 0.3 T TCarex rossii — 1.0 0.3 T TOther grasslike plants — — — — —
Sub—total 0. 1 5.0 '1.5 0.7 Ü . 2
Perennial Porbs
Arnica latifolia 4.8 2.9 1 .0 0.3 1 .1 0.3Astragalus canadensis T T 0.7 0.2 0.4 0.1Cirsium arvense _ _ 0.7 0.2 4.9 1.4Clintonia uniflora 0.3 0.2 _
lEpilobium angust if olium T T 0.3 0.1 1.8 0.5Ifpilobium watsonii — — T T 0.4 0.1J?^ragaria vesca — — 2.3 0.7 14.1 4.0Pragaria virginiana T T 11.4 3.4 16.2 4.8Goodyera oblongifolia NS NS — — — —
Hieracium aibiflorum 0.2 0.1 1.7 0.5 0.4 0.1lupinus laxiflorus 0.5 0.3 — — —Ihalictrum occidentale — — T T — —
Other perennial forbs 0.2 0. 1 2.6 0.8 2.3 0.6
Sub—total b . 0 3.6 20.7 6.2 41 .6 11 .y
R = Relative percent cover 
A = Absolute percent cover 
T = Trace 
NS = Not sampled
Table 18— Continued
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Underst ory Scarified Burned
R A R A R A
Annuals and Biennials
Cirsium vulgare — — 0.3 0.1 1 .1 0.3Epilotium paniculatum — — 1 .0 0.3 1.4 0.4ÿilago arvense — — T T T T
Gnaphalium viscosum — — 0.3 0.1 0.7 0.2other annual and
biennial forbs 0.3 0.2 0.3 0.1 1 .1 0.3
Sub-total 0.3 0.^ 1.9 0.6 4.3 1
Xerophyllum tenax
(sub-total; 24.7 14.8 15.4 4.4 0.4 0.1
Shrubs and Low Woody 
Plants
Acer glabrum — — — — 1.4 0.4
Arctostaphylos uva-ursi 0.7 0.4 14.0 4.2 2.1 0.6^imaphila umbeTXata 3.8 2.3 — — —Linnaea borealis 2.2 1.3 0.3 0.1 T TPachistima myrsinites 2.7 1.6 0.7 0.2 0.4 0.1Populus trichocarpa — 2.3 0.7 1 .4 0.4ïyrola secunda 0.3 0.2 — — — —Ribes viscosissimum — T T 1.4 0.4Rosa gymnocarpa 4.0 2.4 1 .0 0.3 1.1 Oo3Salix scouleriana 1.5 0.9 9.0 2.7 10.9 3.1Spiraea betulifolia 5.2 3.1 7.4 2.2 10.9 3.1Symphonicarpos albus — T T 0.7 0.2Vaccinium membranaceum 45.6 27.4 5.0 1.5 3.2 0.9Other shrubs and low
woody plants 1.8 1 .1 5.3 1 • 6 2.9 0.8
Sub-t otal 67.y  ' 40.7 45.0 1"3.5 36.f fo.3
Coniferous Trees
(shrub-sized)
Abies lasiocarpa T T — — — —
Other conifers — — 0.7 0.2 — —
Sub-total T T 0.7 0.2 — —
Grand total 100.0 60.0 100.0 29.8 100.0 28.4
